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UTILIZATION OF BUTTERMILK IN THE FORM OF 
CONDENSED AND DRIED BUTTERMTLKi 


O. F. IIITNZIKER 

Blue Valley dreamery Company, Chicago, Illinois 
Jloceivcd for publication October 23, 1922 


ANNUAL VOLUME OF BUTTERMILK PRODUCED IN UNITED STATES 

According to figures compiled by the United States Depart¬ 
ment of Agriculture the total output of American Creamery 
butter in 1921 was 1,054,938,329 pounds. 

Assuming that with each pound of butter manufactured there 
is produced 1.5 pounds of buttermilk, the total production of 
factory buttermilk w'ould amount to about 1,562,407,494 pounds. 

TJSF.S OF BUTTERMILK 

Aside from its use for feeding purposes, buttermilk has been 
found valuable and useful as the basis for diverse manufacturing 
purposes. It is used in bakeries and in the manufacture of 
prepared foods, for cottage cheese and milk beverages, casein 
products, lactic acid and similar industrial products. 

The volume of buttermilk used for these miscellaneous pur¬ 
poses, however, represents but a very small portion of the total 
annual supply of buttermilk, and it is fair to admit that at this 
stage of the industry those sundry purposes are as yet a negligible 
factor in the solution of the economic utilization of the butter¬ 
milk supply. 

The basic value of buttermilk lies in the high quality of its 
solid ingredients for feeding purposes, and it is through the 
channel of feeding the buttermilk to farm animals and fowl, 
and to a limited extent to the human family, that the more 

* Delivered before the Manufactures Section of the American Dairy Science 
Association, October 10, 1922, St. Paul, Minnesota. 
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complete and economic utilization of the vast bulk of our annual 
output of buttermilk must find its ultimate solution. 

On the basis of 30 cents per hundred pounds, which is a very 
conservative estimate when compared with present prices of 
grain (corn now ranges between 60 and 65 cents per bushel) the 
value of the annual output of 1,582,000,000 pounds of butter¬ 
milk represents a value to the farmer of the coxmtry of approxi¬ 
mately $4,750,000. 

If disposed of by the butter manufacturer at the conservative 
price of 1 cent per gallon or 12 cents per 100 pounds, it would net 
the creameries of the country annually around two million 
dollars. 

A considerable volume of buttermilk is returned direct to the 
farmer for hog and poultry feeding. This direct outlet is con¬ 
fined largely to local creameries where the cow population is 
dense and the distance from farm to factory is relatively short. 
.\nd even in this case, the demand for the buttermilk is very 
irregular and the facilities for its proper disposition through this 
channel are entirely inadequate to the supply. 

In the larger creameries, that receive their cream supply from 
a much wider radius, the distance of the average patron from 
the creamery limits the amoxmt of buttermilk that can be re¬ 
turned direct to the farmer to a very small volume. This is 
especially trug in the case of the creameries located in large 
cities. 

Prior to the World War the great bulk of the buttermilk 
supply was a complete loss. It was run into the sewer, although 
some efforts had been made for several years to convert the 
buttermilk into a more concentrated form and into a form that 
would render it less perishable and that enhanced its keeping 
quality. 

DEVELOPMENT OF MANUFACTURE OF CONDENSED AND DRIED 

BUTTERMILK 

The manufacture of condensed buttermilk and of dried butter¬ 
milk prior to the World War was exceedingly limited. In fact, 
it did not really go beyond the experimental state, only a very 
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limited amount of either product reaching the market. The 
relatively low price of grain feeds and of pork, poultry and eggs 
did not seem to justify the addition to the price of fluid butter¬ 
milk of the comparatively high cost of manufacture into the 
more concentrated products. .Mso the process of condensing 
and drying buttermilk had not as yet reached the point where 
products of dependable keeping quality were entirely assured. 

Practically the only kind of so-called condensed buttermilk 
then made at all, was not really the result of concentration 
proper. It was a product made by heating the buttermilk in 
large tanks to the boiling temperature long enough for the curd 
to contract and to settle to the botton, leaving a practically 
clear whey on top. This whey was drawn off and thrown away. 
The residue, consisting of the curdy material and as much of 
the whey as adhered to or remained mixed with it constituted 
the condensed buttermilk. It is obvious that this product was 
not a complete buttermilk, much of the lactose, lactic acid and 
mineral salts having been lost. Only a small quantity of this 
product ever reached the market. 

Small quantities of dried buttermilk were also made and used 
largely in mixed feeds for poultry. 

The feed shortage and the high prices of all farm products 
caused by the ravages of the World War greatly emphasized the 
possibilities and the value of preserving such by-products as 
buttermilk. With prices of farm products doubling and in 
some instances trebling, and the demand for these products 
reaching far beyond their supply, the cost of concentrating and 
of drying buttermilk was no longer a serious obstacle. The 
farmer and the feeder could afford to pay the price and the 
manufacture of these concentrated products became a profitable 
industrj'- 

The processes of manufacture were perfected rapidly and the 
volume of these finished products, condensed buttermilk and 
dried buttermilk, increased by leaps and bounds. 

Like in other similar industries the attractiveness of the 
possible profits during the years of forced prosperity created by 
the war, so in the manufacture of condensed and dried butter- 
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nvilk it led to overproduction, 1 mean production gi'eater than the 
demand, in normal times. With the general business depres¬ 
sion and reaction that set in a few years ago, and the resulting 
decrease in the demand and depreciation of the A^alue of farm 
products, these industries too suffered and will continue to suffer 
to some extent until the period of reconstruction will have reached 
a point of reasonable stability and comparativ^e normalcy. 

However, the efforts put into these industries' have by no means 
been in vain. They have developed definite processes of manu¬ 
facture of condensed buttermilk and of dried buttermilk. These 
products have been tiled out and foimd useful and their value 
as stock feeds has been definitely established and is recognized. 

Reports from those close to the industry point to the fact that 
the volume of production for 1922 is far in advance of 1921 and 
that there is a rapidly increasing demand on the part of the feeder 
for these products. Much educational work has been done 
during the last two years in acquainting the feeder with the 
value and proper use of these products. This has helped and 
will continue to assist in accelerating their use and their demand. 

The total output of condensed buttermilk in 1921 was 
29,313,767 pounds. This represents approximately 87,941,301 
pounds of fluid buttermilk or 5.6 per cent of the total annual 
amount of fluid buttermilk produced. The total output of 
dried buttermilk for the same year was 7,708,384 pounds. 
This represents approximately 77,084,000 pounds of fluid butter¬ 
milk or 4.9 per cent of the total annual output of the fluid butter¬ 
milk. With other words, about 10.5 per cent of the 1,582,407,494 
pounds of fluid buttermilk produced in 1921 was utilized for the 
manufacture of condensed buttermilk and dried buttermilk. 

Practically the entire make of 29,313,707 pounds of condensed 
buttermilk was sold for feeding purposes. Only negligible 
araoimts went to bakeries. Of the total of 7,708,384 pounds of 
dried buttermilk approximately 200,000 pounds went for human 
consumption. The remainder was used for feeding piuposes. 

The great bulk of condensed buttermilk is manufactured by 
evaporation in the vacuum pan .similar as in the case of the 
manufacture of condensed milk. The process of concentrating 
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buttermilk in vacuo is covered by patent of the Grelck-JTovey 
Patent Company of St. Paul, Minn. 

In the manufacture of dried buttermilk, both the spray proce&s 
and the roller process have been employed. In the spray 
process as used in the central west, the buttermilk is first con¬ 
densed in the vacuum pan and the condensed buttermilk is 
then atomized and dried in a current of hot air. This process 
is covered by the Merrill-Soule Company patent. The amount 
of buttermilk powder so manufactured is very small. 

Practically 90 per cent of the entire output of dried buttermilk 
for the year 1921 was made by the roller process covered by 
patent of the Collis Products Company of Clinton, low'a. In 
this process the buttermilk is kept in a thoroughly agitated 
condition and is sprayed on a steam heated revolving roller 
which makes about two revolutions per minute and the tempera¬ 
ture of the product reaches about 190 to 200°F, The thin film 
of drying buttermilk that forms on the roller is automatically 
removed by a stationary sharp knife. This thin film is still 
slightly moist when it comes off the roller, but it surrenders the 
remainder of its removable moisture quickly to the atmosphere. 
Instead of spraying the uncondensed fluid buttermilk on the 
roll, the buttermilk may be precondensed and then sprayed on 
the roll. 

Some dried buttermilk is also manufactured by the roller 
process of the Just-Hatmaker type of machine (two rollers) 
and*by the roller process in vacuum, wdiich was originally invented 
by Dr. Ekenberg of Stockholm, Sweden, and the machinery of 
which is now manufactured and patented by the Buffalo Foundry 
and JMachine Company, Buffalo, N. Y. 

COMPOSITION 

Neither condensed nor dried buttermilk contain any ingredi¬ 
ents not present in the original buttermilk, nor is any ingredient 
present in the original buttermilk decreased or removed except 
the w’ater. The two products differ from each other only in 
their degree of concentration. Die proportion of the individual 
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solid ingredients to one another in each product is practically 
the same and it is the same also as it is in the fluid buttermilk 
with the exception of the percentage of lactic acid which is 
relatively much higher and the percentage of milk sugar which is 
correspondingly lower in the condensed buttermilk than in the 
dried buttermilk and than in average fluid buttermilk. 

The ratio of concentration of condensed buttermilk averages 
about three to one, but there is a very considerable variation in 
different lots of condensed buttermilk that reach the market. 
Since fluid buttermilk averages about 9 per cent total solids 
and 91 per cent water, the condensed buttermilk averages from 
about 25 to 33 per cent total solids and from about 67 to 75 per 
cent water. 

In dried buttermilk the ratio of concentration is slightly over 
10 to 1. It is more even in its composition. It contains from 
about 90 to 95 per cent milk solids and from about 5 to 10 per 
cent water. 


KEEPING QUALITY 

Condensed buttermilk is a far more perishable product than 
dried buttermilk. In order to lend it proper keeping quality, 
the buttermilk before condensing must be soured to a point 
sufficient to produce a condensed buttermilk with not less than 
3 to 3.5 per cent acid, calculated as lactic acid. If the acid 
content of the condensed buttermilk drops below the above 
figure, the product deteriorates very rapidly, usually becoming 
moldy and putrid. Also the contents of remnant barrels of 
condensed buttermilk mold very profusely unless the surface of 
the condensed buttermilk is protected from the air, as can be 
readily done by covering it with heavy paper, or similar material. 

Dried buttermilk has very good keeping quality. Its high 
acid content, which is around 5 per cent, due to its high ratio of 
concentration, and its relatively low moisture content, act as 
effective preservatives. It keeps best, however, when protected 
against air and heat. 
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FOOD VALUE AND MARKET PRICE 

From the standpoint of the percentage ingredients as deter¬ 
mined by chemical analysis, the relative food value of condensed 
buttermilk and of dried buttermilk is controlled entirely by the 
ratio of concentration or the percentage of total solids. On this 
basis, the dried buttermilk has at least three times the food value 
of condensed buttermilk and condensed buttermilk has about 
three times the food value of fluid buttermilk. The market 
price of condensed buttermilk for feeding purposes is about 5 
cents per pound. The market price of dried buttermilk for 
feeding purposes is about 8 cents per poimd. Feeders who buy 
these concentrated products direct from the manufacturer may 
secure them at a reduction of from | to cents or slightly over. 
The above prices are jobbers’ prices to the feeder. 

Based on the percentage of total solids in the two products, 
therefore, it would appear that the feeder of dried buttermilk 
receives considerably more milk solids and therefore greater 
food value for every dollar expended than the feeder of con¬ 
densed buttermilk. Also there is much less danger of loss by 
spoiling, there is less storage room required and the cost of 
transportation is less than in the case of condensed buttermilk. 
Comparing dried buttermilk with an average per cent of solids 
of 92.j per cent and a cost to the feeder of 8 cents per pound, and 
condensed buttermilk with an average per cent of solids of 27 
per cent and a cost of 4 cents per pound with the value of 
fluid buttermilk testing 9 per cent solids, the feeder when buying 
dried buttermilk is paying at the rate of 78 cents per hundred 
pounds or 6.8 cents per gallon of fluid buttermilk. In case 
of condensed buttermilk he is paying at the rate of $1.33 per 
hundred pounds, or of 11 cents per gallon of fluid buttermilk. 

When sold direct by manufacturer to the feeder the price to 
the feeder is considerably less. Dried buttermilk sells at 62 cents 
and condensed buttermilk sells at 82 cents per pound. At these 
prices the feeder, when buying dried buttermilk, would be paying 
at the rate of 65f cents per hundred or 5| cents per gallon of 
fluid buttermilk. Wlien buying condensed buttermilk he would 
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be paying at the rate of $1.16 per hundred or 91 cents per gallon 
of fluid buttermilk. 

It is further claimed that in the case of condensed buttermilk, 
the real value of the product as a feed is materially augmented 
by its very high content of acid, calculated as lactic acid. Con¬ 
densed buttermilk contains about 3.5 per cent acid. 

That lactic acid in the diet has a value as a tonic is generally 
admitted by nutrition and health experts. Its value lies in 
cleansing the intestines from putrefaction and keeping them in a 
healthy condition; in accelerating the power of assimilation of 
other feeds in the ration, thereby augmenting their digestibility 
and their economy as feeds; and in giving the animal greater 
capacity for the consumption of feed and water. 

To what extent this tonic effect of condensed buttermilk does 
increase the value of this product, is as yet undetermined. It 
is reasonable to assume that the effect is advantageous but the 
information available is as yet too limited to interpret this value 
in terms of dollars and cents. 

VITAMINE PROPERTIES 

There are no experimental data on re(!ord, or at least I have 
been unable to find any, on the relative vitamine properties of 
condensed and dried buttermilk, nor even of Ihjuid buttermilk. 
However, the effect of condensing and dehydrating of milk has 
been subjected to considerable study and it may be justifiable 
to use these data as an approximate criterion of the vitamine 
properties in the buttermilk products. 

Ellis and Macleod (1), Sherman and Smith (2), Funk (3), 
and Eddy (4), in their respective reviews of experimental results 
with condensed milk and dried milk when fed to rats, other 
animals and to children, point out that neither the fat soluble A 
nor the water soluble B vitamines were noticeably affected by 
the processes of evaporation and drying. 

Vitamine C, the antiscorbutic vitamine, on the other hand, 
suffered variably according to the process used. Condensing in 
vacuo and drying by the roller process had the least unfavorable 
effect. The spray drying process at high temperatures in the 
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drying chamber and exposure of the milk powder for several 
hours on the floor of the drying chamber practically destroyed 
vitamine C. 

These data suggest quite clearly that neither the condensing of 
buttermilk in the vacuum pan, nor the drying of the buttermilk 
by the roller process, both processes whereby the great bulk of 
condensed buttermilk and dried buttermilk respectively, are 
manufactured, have any appreciable effect on the vitamine 
properties of the finished product. 

The fact that the fat soluble A and the water soluble B vita- 
mines are preserved during the processes of heating, condensing 
and dehydrating is important because the grain feeds are deficient 
in these vitamines and the buttermilk products thus are a valuable 
supplement to these feeds. The possible depreciation or destruc¬ 
tion of vitamine C in the buttermilk products is of negligible 
importance as the grain feeds amply supply this vitamine. 

However, it should be understood that the results above re¬ 
ferred were obtained with milk products and not with buttermilk 
products. It is possible, though not probable, that the same 
processes that are harmless or negative as far as their effect on 
the vitamine properties of sweet milk is concerned, may have a 
different influence in the case of highly acid buttermilk. 

DIGESTIBILITV 

Accurate data on the relative digestibility of dried and con¬ 
densed buttermilk as compared with fluid buttermilk are like¬ 
wise lacking. Dr. Miner (5) of the Miner Laboratories, Chicago, 
reports a hmited number of digestibility tests made in the labora¬ 
tory. These tests indicated that the digestibility of the con¬ 
densed and dried buttermilk was equal to that of the fluid butter¬ 
milk. These results correspond with those of digestibility tests 
with condensed and dried milk reported by numerous investigar 
tors. However, the digestibility tests on the condensed and 
dried buttermilk were restricted to laboratory tests only and 
limited in number. They therefore should be accepted as an 
indication rather than as a proven fact. 
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FEEDING EXPERIMENTS 

Results of caref ully executed feeding experiments that show the 
comparative food value and economy are as yet too limited to 
arrive at definite conclusions and in many cases the experiments 
were made with products especially furnished for the purpose by 
the manufacturer. Wliile experiments conducted under such 
circumstances are of unquestionable value, the results obtained 
therefrom, should be amply verified by experiments on a broader 
scale with products as they appear in the trade, before they can 
be accepted as scientifically established and unbiased facts. 

Eward and Dunn (6) of the Iowa Experiment Station report 
experimental results with dried buttermilk for pigs. Dried 
buttermilk was added to the basal ration of corn, tankage and 
salt. The dried buttermilk increased the gains on pigs and 
decreased the feed requirements for a 100-pound gain. The 
buttermilk proteins proved more efficient than the tankage 
proteins, but the buttermilk proteins cost more than the tankage 
proteins. From the standpoint of economy, tankage at $100 
per ton for market pig feeding proved much more efficient than 
buttermilk powder at $200 per ton, the relative prices at the time 
of the experiment. On the basis of the above prices and the 
relative feeding results these investigators place the value of 
buttermilk powder at $4 per hundred weight. 

Mr. H. I. Macomber (7) of the Poultry Division of the United 
States Department of Agriculture reported experiments with 
laying hens. Fifteen per cent of dried buttermilk was fed in a 
poultry mash as compared with 25 per cent meat scrap of a 55 
per cent protein analysis. Tlie hens were laying as well on the 
buttermilk as on the meat scrap. Condensed buttermilk was 
also used, for its tonic value, but not to replace all of the animal 
protein feed. Wliile the experiment is not as yet completed 
and it is too early for accurate figures as to cost, indications are 
that 15 per cent dried buttermilk in the mash will cost as much as 
25 per cent of the meat scrap with present prices. Their ob¬ 
servations are that the dried buttermilk is a much easier form of 
feed to handle than the condensed buttermilk and that the dried 



CONDENSED AND DRIED BUTTERMILK 


11 


buttermilk apparently was as satisfactory as a feed. Macomber 
further reports that both of these feeds have also been used in 
poultry fattening tests with the same comparative results as 
noted in the feeding of laying hens. He concludes that in his 
opinion more experimenting is required to arrive definitely at 
conclusions regarding the relative merits of dried and condensed 
buttermilk. 

Philips (8) in Purdue Bulletin 258 reports results of feeding 
experiments with fluid and dried buttermilk with laying hens. 
Pullets in the dried buttermilk pen laid on an average of 189.4 
eggs, in the fluid buttermilk pen 164.7 eggs, in the no buttermilk 
pen 56.6 eggs. It cost 16 cents for feed to produce one dozen eggs 
in both the dried and the fluid buttermilk pens, and 33 cents in 
the no buttermilk pen. 

The profit over feed from the dried buttermilk pen was $5.69, 
from the fluid buttermilk it was $4.92, and from the no milk pen 
it was $0.78. The feeding value of dried buttermilk was $55.10 
per 100 pounds, and of the fluid buttermilk it ivas $5 per 
100 pounds. 

The dried buttermilk produced the best fertility of eggs and 
the fluid buttermilk the poorest. The mortality in the dried 
buttermilk pen and the fluid buttermilk pen was the same. That 
in the no milk pen was much heavier. 

Similar results are also reported in experiments with chickens 
conducted at the Iowa Experiment Station, but the experiments 
are not as yet entirely complete. 

SUMMARY 

'Phe utilization of the great bulk of the vast volume of creamery 
buttermilk annually produced in the form of condensed butter¬ 
milk and dried buttermilk gives promise to be of distinct economic 
value both to the feeder of farm animals and as a means to mini¬ 
mize waste of a valuable marketable by-product to the creamery. 

While considerable quantities of these concentrated by-prod¬ 
ucts are now being manufactured and mai’keted to the advantage 
of feeder and manufacturer, this industry is as yet in its infancy. 
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This, together with the fact that supplies such as coal and package, 
also labor and transportation, are as yet abnormally high, has 
been a handicap that has worked against the full realization of 
the possibilities of maximum eflBciency and of minimum cost of 
manufacture. 

Knowledge of the comparative feeding value of these two 
products is as yet limited but much and extensive experimental 
work is in progress, the result of which promises to reveal facts 
of great economic value to feeder and manufacturer. Informa¬ 
tion now available indicates that the food value, digestibility and 
vitamine properties originally contained in the fluid buttermilk 
are not materially affected by the processes of condensation and 
drying now used in the manufacture of these products. 
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Probably every agricultural college in the United States has a 
herd of dairy cattle. It would not seem to be possible to success¬ 
fully carry on the dairy work at the institution without some 
dairy animals. Since there are four principal breeds of dairy 
cattle that have any general distribution throughout the country, 
the ideal condition would be to have each represented at the 
several institutions. A herd of dairy cattle at the state agricul¬ 
tural college serves a number of purposes: (1) Furnishes animals 
for instructional w'ork in dairy cattle judging; (2) Furnishes 
animals for experimental work; (3) Furnishes milk for use in 
instructional work; (4) Furnishes milk for experimental work; 
(,5) Serves as an ideal toward which the breeders of the state 
may strive. Very likely many college herds do not, to the fullest 
extent, serve all the functions mentioned. Especially is the last 
mentioned difficult to perform. Many, if not most, of the colleges 
have been greatly hampered from lack of funds for the purchase 
of foundation females or the proper kind of sires to successfully 
carry on breeding operations. At various times during the last 
few years, it has been the privilege of the senior author to visit 
many of the agricultural colleges and the records then prevailing 
and those presented here show a remarkable improvement in the 
productive ability of their dairy cows. It is considered doubtful 
if the breeders of dairy cattle generally, appreciate how good the 
college herds are at present and it was also thought likely that 
those connected with the various institutions would like to 
know how their herds compared with those of other places. 
With this in mind a questionnaire was sent out to thirty-five 
institutions asking for the leading official record cow in each of 
the age classes for the four breeds, Holstein, Jersey, Guernsey 
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and Ayrshire. Replies containing information were received from 
twenty four institutions. Only cows actually in the herd were to 
be included and only those having official records. The average 
production figures were not received from enough institutions to 
warrant their presentation. In general the records given repre¬ 
sent March 1, 1922. Unquestionably, a number of excellent 
records have been made since that date which would change the 
leaders. 

nOLSTEINS 

Of the twenty-four institutions replying, twenty-three reported 
owning Holsteins, the University of Maryland alone owning 
none. The highest butterfat record reported for the aged cow 
class (cows five years old or over) was made by La Verna Lincoln 
owned by the University of Nebraska whose record is 29,555.5 
pounds of milk and 1048.4 pounds of butterfat. She is also the 
highest producing cow in butterfat owned by any of the agricul¬ 
tural colleges, and it is beheved that she is the highest milk 
producer. In this class three institutions report cows producing 
over 900 pounds of butterfat; six report cows producing over 
800 pounds of butterfat; ten report cows producing over 700 
pounds of butterfat; fifteen report cows producing more than 
600 pounds of butterfat and nineteen report cows producing more 
than 500 pounds of butterfat. The average production for the 
twenty-two cows reported in the matixre Holstein class is 20,382.5 
pounds of milk and 695.7 pounds of butterfat. It must be 
remembered that the questionnaire asked only for the highest 
producing cow in a particular class. Undoubtedly, many institu¬ 
tions own several cows that are above the leading animals from 
other institutions. 

The senior four year olds are led by Juna Ivongfield Homestead 
owned by the University of Illinois with a production record of 
24,655.5 pounds of milk and 828.5 pounds butterfat. In this 
class there are two cows with records of over 700 pounds of butter¬ 
fat, six cows over 600 pounds butterfat and 14 cows having 
produced more than 500 pounds butterfat. The average produc¬ 
tion for the nineteen cows in this class is 17,221.2 pounds of milk 
and 568.5 pounds butterfat. 
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The junior four year old class is led by Virginia Polytechnic 
Institute with the cow V. P. I. Veeman De Kol whose production 
is 17,333.0 pounds of milk and 764.0 pounds butterfat. This 
class has two cows above 700 pounds of fat, six cows above 
600 pounds of fat and fifteen cows having produced more than 500 
pounds of butterfat. The average production for the nineteen 
cows in this class is 16,244.5 pounds milk and 557.7 pounds of 
butterfat. 

California Agnes Colanthaa owned by the University of 
California leads the senior three year old class with a production 
of 19,409.6 pounds of milk and 689.9 pounds of butterfat. This 
class has four cows producing more than 600 pounds of butterfat 
and eight cows producing more than 500 pounds of butterfat. 
The average milk production for the eighteen cows reported in 
this class is 15,271.8 pounds milk with 514.0 pounds of butterfat. 

mini Dulcina De Kol owned by the University of Illinois tops 
the junior three year old class with a production of 17,755.4 
pounds of milk and 719.7 pounds of butterfat. In this class there 
are six cows above 600 pounds of fat and eleven cows above 500 
pounds of fat. The seventeen cows reported in this class have an 
average production of 15,426.2 pounds milk and 529.9 poxmds of 
butterfat. 

C’alifornia Pietertje Bloom Mead owned by the University of 
California leads the senior two year old class with a production 
of 19,985 pounds of milk and 722.2 pounds of butterfat. Two 
cows in this class produced more than 700 pounds of butterfat, 
three cows more than 600 pounds of butterfat and nine cows more 
than 500 pounds butterfat. The nineteen cows in this cla.ss have 
an average of 15,172.7 pounds of milk and 514.17 pounds of 
butterfat. 

Junior two year olds are led by Fairy Aaggie Korndyke Colan- 
tha owned by the University of Minnesota whose production is 
20,005.5 pounds of milk and 696.8 pounds butterfat. Two cows 
in this class have records of more than 600 pounds of fat and five 
cows have records of more than 500 pounds of fat. The average 
for the twenty-two cows in this class is 13,111.8 pounds of milk 
and 447.21 pounds of butterfat. The average of all the 136 
Holstein cows is 16,162.8 pounds of milk and 547.73 pounds of 
butterfat. 
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JKRSEYS 

As in Holsteins twenty-three institutions reported Jerseys. 
Among the Jerseys, ]}.Iajesty’s Iris owned by the University of 
Illinois leads the mature cow class and all Jersey classes with a 
production of 17,469.7 pounds of milk and 955.8 pounds butterfat. 
Two Jerseys in the mature class have produced more than 900 
pounds of butterfat; three have produced mo,re than 800 pounds of 
fat; five have produced more than 700 pounds of fat; fourteen 
have produced more than 600 pounds of fat and sixteen have 
produced more than 500 pounds of butterfat. The eighteen cows 
in this class have an average production of 12,259.8 pounds of 
milk and 673.3 pounds butterfat. 

Senior four year old Jerseys are led by Lass Princess owned by 
the Massachusettss Agricultural College who produced 10,808.0 
pounds of milk and 701.1 pounds butterfat. This class has seven 
cows that have produced more than 600 pounds of butterfat 
and eleven cows that have produced more than 500 pounds of 
butterfat. The fifteen members of this class have an average 
production of 9,999.1 poimds milk and 542.2 pounds of butterfat. 

Interested Jap's Santa owned by the University of California 
leads the junior four year olds with a production of 13,308.5 
pounds of milk and 805.72 pounds of butterfat. Three cows in 
this class have produced more than 600 pounds of butterfat 
and seven cows have produced over 500 pounds of butterfat. 
The eleven cows reported in this class have an average produc¬ 
tion of 9,950.0 pounds of milk and 535.77 pounds fat. 

Oregon Maple G owned by the Oregon Agricultural College 
leads the senior three year olds, having produced 10,776.0 pounds 
milk and 650.2 pounds butterfat. Three cows in this group have 
produced more than 600 pounds of butterfat and ten cows have 
produced more than 500 pounds of butterfat. Fifteen cows were 
reported in this class and the average production is 9,472.3 
pounds of milk and 521.66 pounds butterfat. 

Trill Pogis of Lily Dale owned by the University of Minnesota 
leads the junior three year old class with a production of 12,159.0 
pounts of milk and 682.0 pounds butterfat. Two cows in this 
group have produced more than 600 pounds of butterfat and twn 
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COWS have produced more than 500 pounds of butterfat. The 
average production of the sixteen cows in this class is 8,413.2 
pounds of milk and 444.5 pounds of butterfat. 

Interested Jap’s Santa owned by the University of California 
is again the leading cow in the senior two year old class with a 
production of 9,051.0 pounds of milk and 588.2 pounds butterfat. 
Three cows in this group have produced more than 500 pounds 
butterfat. The average production of the fifteen cows reported 
in this class is 7,736.8 pounds of milk and 413.2 pounds butterfat. 

Pennsylvania State College leads the junior two year olds with 
Penstate’s Torono’s Blacky who produced 9,854.7 pounds milk 
and 532.3 pounds butterfat. Two cows in this class have records 
of more than 500 pounds butterfat. The nineteen cows in this 
class have an average production of 7,865.5 pounds milk and 419.6 
pounds butterfat. Altogether the 109 Jerseys averaged 9,378.8 
pounds milk and 520.3 pounds butterfat. 

GUERNSEYS 

Twenty institutions reported (Guernseys, but there were more 
classes unfilled which seems to indicate that the Guernsey herds 
are smaller. Yeksarose 4th, owned by the University of Illinois 
leads the Guernseys in the mature class and in all classes in 
butterfat production, her record being 14,527.1 pounds milk and 
753.7 pounds fat. Seven cows in this group have a production 
of over 600 pounds butterfat and ten cows have more than 500 
pounds butterfat. The twelve cows in this class have an average 
production of 12,749.9 pounds milk and 619.7 pounds butterfat. 

College King’s Nantaska owned by the Massachusetts Agricul¬ 
tural College leads the senior four year old class with 14,811 
pounds milk and 684 pounds of butterfat. Two cows in this 
group have produced more than 600 pounds butterfat and an 
equal number have produced more than 500 pounds butterfat. 
Only nine cows w’ere reported in this class and they have an 
average production of 9,581.5 pounds milk and 453.2 pounds 
butterfat. 

Delza 3rd, owned by Pennsylvania State College -takes front 
rank in junior four year olds with a production of 10,608.7 pounds 
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milk and 542.5 pounds fat. Two cows produced over 500 pounds 
fat and the average of the 8 cows was 9,045.5 pounds milk and 
443 pounds fat. 

Nantaska Beauty owned by the Massachusetts Agricultural 
(College with a production of 11,359 pounds of milk and 608 
pounds of butterfat ranks first among the senior three year olds. 
Two cows in this group have records of more than 600 pounds 
butterfat and four cows have records of more than 500 pounds 
butterfat. The average production of the eight cows in this 
class is 9,803.3 pounds of milk and 489.2 pounds butterfat. 

Squire des Blicqs’s Ramona of Beatrice owned by the Uni¬ 
versity of Nebraska leads the junior three year old class having 
produced 10,672 pounds of milk and 501 pounds of butterfat. 
The average production of the nine cow's reported in this class 
is 8,223.1 pounds milk and 416 pounds butterfat. 

Imp. Rouge 11 of the Brickfield owned by the Iowa State 
College is the leading cow among the senior two year olds. Her 
production being 10,963 pounds milk and 612.5 pounds butterfat. 
Two cows in this class have produced more than 500 pounds of 
butterfat. The average for the ten members in this class is 

8.219.1 pounds milk and 418.9 pounds butterfat. 

May King’s Alvada owned by Clemson Agricultural College 
(S.C.) leads the junior two year olds with a production of 
12,294.9 pounds milk and 538 pounds butterfat. Four cows in 
this group have produced more than 500 pounds butterfat. The 
fifteen cows in this class have an average production of 8,200.3 
pounds milk and 417.1 pounds butterfat. Considering all classes 
seventy-one Guernseys averaged 9,425.7 pounds of milk and 

467.1 pounds of butterfat. 


.WESHIRES 

Eighteen institutions reported Ayrshires and in this breed also 
the indications point to small herds. Canary Bell owned by the 
Kansas State Agricultural College leads the mature Ayrshires 
and all AjTshires in both milk and butterfat production. Her 
record being 19,863 pounds milk and 744.51 pounds of butterfat. 
Two Ayrshires in this class have produced more than 700 pounds 
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of butterfat; four more than 600 pounds butterfat and eight have 
produced more than 500 pounds of butterfat. The average of the 
fourteen entries in this class is 12,631.1 pounds milk and 537.5 
pounds butterfat. 

Bangora’s Fizzaway owned by Purdue University, Indiana, 
leads the senior four year olds with a production of 14,983 pounds 
milk and 532 pounds butterfat. Three cows in this group have 
produced more than 500 pounds butterfat. Only seven entries 
were reported in this class with an average production of 12,389.5 
pounds of milk and 478.6 pounds butterfat. 

Victor’s Beauty Lass, a junior four year old owned by the 
Massachusetts Agricultural College leads her class with a pro¬ 
duction of 15,980 pounds of milk and 666 pounds butterfat. 
Two cows in this class have produced more than 500 pounds 
butterfat. The ten members of this class have an average pro¬ 
duction of 11,220.3 pounds milk and 450.4 pounds butterfat. 

Bangora’s Melrose owned by the Kansas State Agricultural 
College is the leader of the senior three’s with a production of 
14,515 pounds milk and 568.1 pounds butterfat. Two cows in 
this group have produced more than 500 pounds butterfat. Only 
six entries are reported in this class with an average production 
of 10,997.8 pounds milk and 474.4 pounds butterfat. 

Cavaliers Robin Hood Lass of the Iowa State College is leading 
the junior three year old class, her production being 9,830 pounds 
of milk and 472.4 pounds butterfat. 

Juno of Kossbourg oivned by the University of Maryland 
leads the senior two year old’s with a production of 12,371 pounds 
of milk and 537 pounds of butterfat. Three cows in this group 
have produced more than 500 pounds of butterfat. The average 
production of the nine cows reported in this group is 10,346.3 
pounds of milk and 434.7 pounds butterfat. 

Melrose Canary Bell owned by the Kansas State Agricultural 
College leads the junior two year old class with a production of 
13,785 pounds of milk and 502.9 poimds of butterfat. She is the 
only cow in this class which has a production of more than 500 
pounds butterfat. The average production for the eleven entries 
in this class is 9,086.1 pounds milk and 378.6 pounds butterfat. 
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In Ayrshires sixty-eight cows in all classes averaged 10,787.4 
pounds milk, 446.8 pounds of butterfat. 
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Mature HoLsieins 





I 

pounds 

pounds 

1 

University of Nebraska 

La Verna Lincoln 

29,555.5 

1,048.4 

2 

Virginia Polytechnic In¬ 
stitute 

1 Buckeye De Kol Pauline 
2nd 

20,784 0 

927.0 

i 

o 

u 

University of Illinois 

mini Homestead Beach- 
wood 

25,535.1 

901 6 

4 

Connecticut Agricult ural 
College 

De Kol Hubbard Pietertje 

23,175.7 

830 7 

5 

University of Idaho 

Idaho Violet Posch Ormsby 

21,379.3 

805.9 

(. 

Kansas State Agricultural 
College 

Carlotta Empress Fobes 

27,398.0 

803.3 

t 

University of Minnesota 

Lady Oak Fobes De Kol 

22,003.0 

704 0 

s 

University of California 

('alifornia Agnes Colaniha 

21,801.4 

788.4 

9 

Massachusetts Agricul¬ 
tural College 

Concordia Pietertje 

24,200.0 

782.0 

10 

Iowa State College 

Genoesca Belle Polkadot 

20,816 2 

732.9 

H 

Ne^v Jersey Agricultural 
College 

College King Beauty 

19,043,5 

699.4 

12 

Purdue University 

Segis CTolantha Bakker 

22,432.0 

693.0 

13 i 

Pennsylvania State Col¬ 
lege 

Lilith Gem Kolkluff 

22,247.1 

680.9 

n 

Colorado Agricultural 

College 

Korn dyke Sarcastic Jolie 
2nd 

22,717.8 

666.3 

15 

North Dakota Agricul¬ 
tural College 

Miss Ormsby Queen 

17,718 7 

640.1 

10 

Oregon Agricultural Ckjl- 
lege 

1 

Princess Li 11 De Kol 

16,249.0 

598.0 

IT 

West Virginia University 

Schuliugs Beauty De Kol 

15,002 0 

522.9 


I^niversity of Arkansas 

Madison Jennie Friend 

18,873.7 

512.9 

19 

l^niversity of Maine 

Sophie Shepherd De Kol 
2ud 

14,102.0 

503.0 

20 

University of Tennessee 

Violet Ilouw'je Lady 

14,470.1 

490.3 

21 

University of Kentucky 

Jr. De Kol Betsy 

15,000 8 

456.8 

22 

23 

24 

Clemson Agricultural Col¬ 
lege (S. C.) 1 

University of Missouri 
University of Maryland 

Dotty l*ontiac De Kol 

No entry 

No Holsteins 

13, ICO.7 

427.7 
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RANK 
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row* 

MILK 

PAT 

Senior four year old class 




jwunth 

pounds 

1 

Uuiverriity of Illinois 

Juna Longficld Homestead 

24, ()o5.5 

I 828.5 

2 

University of Missouri 

Campus Josephine Galaxy 

20,510.0 

702 0 

a 

Kansas State Agricultural 

Carlotta Empress Fobes 

24,547 0 

694.2 


College 




4 

Viiginia Polyteclmic In- 

Veeman Korndyke Dc Kol 

10,020.0 

687 0 

1 

stitute 




0 

University of California 

Colantha 4th’s Lad Mer- 

17,161.51 

613.2 



cedes 

I * 


f. 

Connecticut Agricultural 

Minnie Fay Pietertje 

20,822 8 

607 5 


College 




4 

Pennsylvania State Col- 

Jessie Korndyke Vcrbelle 

18,IGG 4 

583.1 


lege 




s 

University of Nebraska 

Quavia Lincoln 

10,980 8 

582.2 

9 

University of Maine 

Pauline Pontiac Shepherd 

15,759 0 

581.0 

10 

University of Idaho 

Idaho Favorite 

18,307.8 

574.6 

11 i 

! University of Minnesota 

Sita De Kol Pontiac 

16,211.0 

567.0 

12 

Iowa State College 

Lucy Duchess De Kol 

16,994.9 

552,7 

13 

New Jersey Agricultural 

Rutgers’ Duchess De Kol 

18,090.7 

537.3 


College 

Korndyke 



14 

Purdue University 

Colantha Paul Beet’s 

10,736.0 

510.0 



Bakker 



in 

University of Arkansas 

Dallas Friend Madison 

14,604 0 

497.1 

i 


Jennie 



ir> 

Oregon Agricultural Col- 

Oregon Korndaw 

13,216 0 

477,8 


lege 




1 

University of Tennessee 

Winona Colantha 2iid 

11,261.2 

436 7 

IS i 

North Dakota Agricul¬ 

Cynthia Lass Ormsby 

13,018.4 

412.4 

! 

tural College 




19 i 

University of Kentucky 

Duchess Rose De Kol 4th 

10,481.2 

357 6 

20 ' 

Clemson Agricultural Col¬ 

No entry 




lege (S. C.) 




21 ' 

Colorado Agricultural 

No entry 




College 




22 

University of West Vir- i 

No entry 



i 

ginia 




23 

Massachusetts Agricul¬ 

No entry 




tural College 




24 

University of Maryland 

No llolsteins 
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«ANK 

OWNKB 

row 

Mll/K 


Junior four year old class 




pounds 

povnrls 

1 

Virginia Polytechnic In- 

V. P. I. Veeman De Kol 

17,333.C 

) 764 0 


stitute 

. 



2 

University of Nebraska 

Kittie Gerben Lincoln 

18,382.1 

718.0 

3 

University of California 

Pietertje Lorena Korndyke 

118,602.4 

. 630 3 

4 

Connecticut Agricultural 

Dorinda Storrs De Kol 

18,523.1 

623 ft 


College 




5 

Massachusetts Agricul- 

Concord Woodcrest Fayne 

17,080.0 

622 b 


tural College 




ft 

University of Idaho 

Ormsby Girl 2nd 

16,724 ft 

621 4 

7 

University of Minnesota 

Viola Longfield Sir Beets 

19,893.0 

567.0 

8 

Pennsylvania State Col- 

Queen Pontiac Inka 

14,747.0 

567 0 


lege 




9 

University of West Vir- 

Hulda Isabel Tula 

17,422.3 

538 0 


ginia 




10 

Iowa State College 

Belle Polkadot Pontiac 

16,823.3 

536 f) 



Lass 



11 

University of Maine 

Rebecca P3rnpress Johanna 

16,434.0 

534 0 

12 

Purdue University 

Princess Mercedes Segis 

16,908.0 

528 0 

13 

Colorado Agricultural 

Collins Chloe 3rd 

16,703,7 

518.0 


College 




14 

1 Kansas State Agricultural 

Maid Henry Pontiac 

14,502.0 

514 7 


College 




15 

University of Illinois 

Pietertje Parthenca Sar¬ 

15,937.2 

510 7 



castic 



16 

Clemson Agricultural Col¬ 

Mutual Maid Clothilde 

16,100.0 

497 1 


lege (S. C.) 




17 

Oregon Agricultural Col¬ 

Loa Belle 

13,045.0 

496 9 


lege 




18 

University of Tennessee 

Winona Colantha Lass 

11,598.8 

422.4 

19 

University of Kentucky 

Aaggie Betsy Cornucopia 

11,285.8 

386.2 

20 

University of Arkansas 

No entry 



21 

North Dakota Agricul¬ 

No entry 




tural College 




22 

New Jersey Agricultural 

No entry 




College 




23 

University of Missouri 

No entry 



24 

University of Maryland 

No Holsteins 
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Senior three year old class 



1 

University of California 

California Agnes Colantha 

poundn 

19,409.6 

poufuls 

089.9 

2 

University of Nebraska 

1 Koxeva Lincoln 

19,391 3 

673 1 

3 

University of Tennessee 

1 Violet Houwje Lady 

15,408.6 

6:10.4 

4 

Virginia Polytechnic In- 

V. P. I. Dione Korndyke 

19,984 0 

600 0 

5 

stitute 

, Massachusetts Agricul- 

Girl 

Beth Blossom Fayne 

17, m 0 

575 0 

0 

tural College 

I Kansas State Agricultural 

Lady Vale Walker 

17,004 0 

564.5 

7 

College 

Pennsylvania State Col- 

Jessie Natalie Korndyke 

16,365.6 

530.4 

S 

lege 

Connecticut Agricultural 

Pontiac 

Minnie Fay Pietertje 

17,020.0 

525.3 

9 

College 

i University of Minnesota 

Anna Grace Lady Dc Kol 

14,472.7 

499.3 

JO 

University of Missouri 

Campus Lady Hengerveld 

13,256.0 

496.0 

11 

, Clemson Agricultural Col- 

Uno 

Helen Queen Ona 

12,796 0 

472.2 

12 

lege (8. C.) 

Iowa State College 

Nutula Alcartra Pietertje 

14,484.9 

471 8 

13 

University of West Vir- 

Bakker 

Violet Courtland Butter- 

11,990.0 

461.9 

14 

ginia 

Purdue University 

boy 

Colantha Paul Beet's 

15,037.0 

445.0 

15 

Colorado Agricultural 

Bakker 

Korndyke Sarcastic Jolie 

14,714.9 

428 8 

16 

College 

North Dakota Agricul¬ 

2nd 

Miss Ormsby Madeline 

12,531.7 

419.8 

17 

tural College 

Oregon Agricultural Col¬ 

Hazel Queen 

13,592.0 

402.5 

18 

lege 

University of Idaho 

Cinderella Korndyke 

10,290 2 

366.6 

19 

20 

21 

22 

23 

24 1 

University of Arkansas 
University of Illinois 

New Jersey Agricultural 
College 

University of Kentucky 
University of Maine 
University of Maryland 

Hengerveld 

No entry 

No entry 

No entry 

No entry 

No entry 

No Holsteins 

i 
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Holsteim—('ontinmd 


RANK 

OWNER 

1 

cow 

MILK 

FAT 

Junior three year old class 




pounds 

pounds 

1 

Tlniversity of Illinois 

mini Dulcina De Kol 

17,755.4 

719 7 

2 

Virginia Polytechnic In- 

V. P. 1. Mineta 

16,065.0 

673.0 


stitute 

1 



3 

Connecticut Agricultural 

Pietertje De Kol Burke 

18,850 2 

661.4 


College 

2nd 



4 

New Jersey Agricultural 

Rutgers’ Beauty Korn dyke 

16,307.2 

628.5 


College 




5 

University of Nebraska 

Katy Cerben 

18,573.4 

620.4 

0 

University of Minnesota 

Cyme A aggie Beets of 

18,611.0 

611.0 



Shady Nook 



7 

University of California ; 

California Juliana De Kol 

16,618.1 

598.4 



2nd 



S 

Pennsylvania State Col- 

Jessie Colantha Pontiac 

18,719.9 

569 2 


lege 

Korndyke 



9 

Iowa State College 

Princess Pontiac of Ames 

14,787.3 

513.8 

10 

University of Idaho 

Idaho Violet Daisy De Kol 

14,358 C 

509.4 

11 

Massachusetts Agricul- 

Piebe Clay Hengerveld Jo- 

16,622.0 

508 0 


tural College 

hanna 



12 

University of Arkansas 

Naudine Pontiac Snowball 

14,672 0 

474.9 



Netherlands 2nd 



13 

University of West Vir¬ 

Schulings’' Beauty De Kol 

15,115.1 

469 2 


ginia 




14 

Kansas State Agricultural 

Canary College Josephine 

13,581.0 

449.9 


College 




15 

University of Tennessee 

Winona Colantha Lass 

9,859.2 

352.0 

IG 

North Dakota Agricul¬ 

Onnsby I^ass Hengerveld 

10,434.9 

361.5 


tural College 




17 

Clemson Agricultural Col¬ 

McKinley Tehee Clothilde 

11,326.0 

299.4 


lege (S. CO 




18 

Colorado Agricultural Col¬ 

No entry 




lege 


{ 


19 

University of Kentucky 

No entry 

i 

1 


20 

University of Maine 

No entry 

1 


21 

University of Missouri 

No entry 



22 

Oregon Agricultural Col¬ 

No entry 




lege 




23 

Purdue University 

No entry 



24 

University of Maryland 

No Holsteihs 
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HoUtHna- ('oniinneil 


lUNK 

1 

OWNER 

"i 

j 

j M1 LK j 

1 FAT 


Senior two year old class 



1 

University of California 

C'aliforniu Pictertje Bloom 

19,0B5.0 

poiindu 

722 2 

2 

University of Illinois 

Mead 

lllirii Homestead Par- 

20,3t)3..) 

717 0 

3 1 

Virginia Polytechnic In- 

thenia Girl 

V. P. 1. Veeman Korndvke 

20, G9() 0 

675.0 

4 

stitute 

I’liivorsity of Nebraska 

De Koi 

Hoxeva Lincoln 

17,525 5 

586 4 

5 

Kansas State Agricultural 

Inka IlijJaard Walker 

ir>, 058.0 

585,4 

(> 

College 

Iowa State College 

Miss Uiiyne Ames Gamma 

17,0G8 5 

571 7 

i i 

University of Minnesota 

(’olantha Ormsby Korn- 

15,224.0 

506.5 


Pennsylvania State Col- 

dyke Monroe 

Keystone De Kol Pietertje 

16,182.8 

562.4 

9 1 

lege 

1 ^Diversity of Tcnnessco 

Beets 

Lady Woodcrest ('olantha 

13,293.6 

504 5 

10 i 

University of Idaho 

Lad 

Idaho Segis Ormsby Girl 

13,870 9 

478 4 

11 ! 

Purdue University 

Inka (-olantha Segis 

15,631 0 

465 0 

12 1 

Colorado Agricultural 

Barbara Duchess Cl^'de 

14,398 9 

450 1 

i;i 1 

College 

Oregon Agricultural C.^ol- 

3rd 

Oregon Daw De Kol 

12,618 0 

452.9 

i 

14 ! 

lege 

Connecticut Agricultural 

Dorinda Storrs De Kol 

12,840 0 

441 5 

15 

College 

University of Arkansas 

Arkansas Tidy Jennie 

13,475 0 

424.6 

1 

10 

North Dakota Agricul¬ 

Beets 

Miss Ormsby Queen Fare¬ 

12,473 0 

422 0 

17 

tural College 
Massachusetts Agricul¬ 

well 

('ountess Chloe 

12,037.0 

401 0 

18 

tural College 

Clemson Agricultural C'ol- 

Mutual Maid Clothilde 

11,653.0 

370.6 

19 

lege (S. 0.) 

University of Missouri 

C'ainpus I^ady Ilengerveld 

12,752,0 

366.0 

20 

21 

22 

23 

24 

University of Kentucky 
University of Maine 

New Jersey Agricultural 
College 

University of West Vir¬ 
ginia 

i University of Maryland 

Dorabel 

No entry 

No entry 

No entry 

No entry 

No Flolsteins 

i 
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H. P. DAVIS AND R. A. BRAUN 


Hohteins- -Continued 


IIANK 

OWNEU 

cow 

MILK 

FAT 

Junior two year old class 




poundH 

pmmda 

1 

University of Minnesota 

Fairy A aggie Korndyke 

20,005.5 

696.8 



Colantha 



2 

University of Nebraska 

Varsity Derby Sultana 

19,555.8 

693.5 

3 

University of Illinois 

mini Tntomia Tina Clay 

18,909.4 

592.9 

4 

Virginia Polylechnic In- 

V. P. I. Dione De Kol 

12,414.1 

544.0 


stitiite 




5 

New Jersey Agricultural 

Jluigers’ Valdessa Beauty 

15,590.5 

527.7 


College 




6 

Massjichusctts Agricul- 

(Concordia Fayne I’ietertje 

o 

o 

00 

486.0 


tural College 




7 

University of Idaho 

Idaho Segis Colantha 

13,004.9 

470.4 

8 

University of California 

Pietertje Bloom 2nd 

13,216.1 

460.7 

9 

Pennsylvania State Col- 

Pennstates Ormsby Pon- 

13,181.5 

457.4 


lege 

tiac 



10 

Iowa State College 

Johanna Fayne Pride of 

14,586 0 

455.7 



Ames 



11 

University of Arkansas 

Arkansas Segis Topsy 

14,429.0 

453.2 

12 

Oregon Agricultural Col- 

Lois Lill De Kol 

11,865.0 

433.0 


lege 




13 

Purdue University 

Purdue Segis Colantha 

14,981.0 

416.0 



Princess 



14 

University of Missouri 

Campus Lady Hengerveld 

11,127.0 

412 0 



Bluebell ‘ 



15 

ICansas State Agricultural 

Nethcrland Omnis Walker 

12,243 0 

411.5 


College 




16 

North Dakota Agricul¬ 

Miss Ormsby Hengerveld 

11,715 0 

399.8 


tural College 




17 

Clemson Agricultural Col¬ 

Helen Queen Minnehaha 

11,508.7 

372.8 


lege (S. CO 




18 

University of Kentucky 

Duchess Pietertje Rose 

10,132.2 

341.1 

19 

University of Tennessee 

Houwtje Pietertje De Kol 

8,788.3 

318 0 



Lady 



20 

Connecticut Agricultural 

De Kol Hubbard Pietertje 

8,156.4 

306.1 


College 

2nd 



21 

University of West Vir¬ 

Queen Klassje De Kol 

8,892.4 

297.8 


ginia 




22* 

Colorado Agricultural Col¬ 

Chloe Korndyke Clothilde 

9,258.6 

292 6 


lege 




23 

University of Maine 

No entry 



24 

University of Maryland 

^ No Holsteins 




* Senior yearling. 
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J erseifs 


ItAVK 

OWNEK 

fJOW 

AI/EK 

FAT 


Mature class 






pouteds 

pouncL 

1 

University of Illinois 

Majesty’s Iris 

17,469.7 

955. S 

2 

University of California 

Interested Jap’s Santa 

15,560.0 

940 7 

3 

Oregon Agricultural Col¬ 
lege 

Old Man's Darling 

14,130 0 

818 0 

4 

Connecticut Agricultural 
College 

Beaudesert Pet 

13,870 1 

762.8 

5 

Purdue University 

Purdue’s Golden Estelle 

14,052 0 

748 0 

(i 

University of Maine 

Lassie of M. F. 

10,000 0 

690 0 

7 

Iowa State College 

Figgis 28 th of Hood Farm 

12,131.0 

(i75 0 

8 

University of Minnesota 

Lads’ Goldy Y 

12,187 0 

669 0 

0 

Kansas State College 

The Owl’s Design 

14, (>06 0 

650 1 

10 

i 

Massachusetts Agricul¬ 
tural College 

Jeanette of Hebron 

12,487.0 

643 0 

11 1 

North Dakota Agricul¬ 
tural C^ollege 

Roxana Maid 

11,981.1 

640 2 

12 

University of Tennessee 

Major’s Fancy Tormen¬ 
tress 

10,484 0 

632 0 

13 

University of Nebraska 

Bona Lincoln 

12,601 0 

628 0 

14 

New' Jersey Agricultural 
College 

Lady Leif burrow of Oak 
Hill 

11,277.5 

624 5 

15 

Clemson Agricultural Col¬ 
lege (S. C.) 

1 Plumage Inez 

10,202 0 

559 3) 

10 

University of Arkansas 

Cynthia’s Golden Babe 

10,798.5 

550.8 

17 

University of Missouri 

Campus Virginia J 

8,963.0! 

491.0 

18 

19 

20 

21 

22 

23 

University of Kentucky 
Colorado Agricultural 
College 

University of Idaho 
Pennsylvania State C'ol- 
lege 

Virginia Polytechnic In¬ 
stitute 

West Virginia University 

Baronette’s Lady Dean 

No entry 

No entry 

No entry 

No entry 

No entry 

7,778 8 

i 

442.4 

24 

University of Maryland 

No Jerseys 




Senior four year old class 


1 

Massachusetts Agricul¬ 
tural College 

Lass Princess 

10,808.0 

j 701 0 

2 

University of Maine 

Lakeland’s Lassie 

11,700.0 

660 0 

3 

1 Iowa State College 

1 Princess Figgis of Ames j 

11,408.0 

641 8 

4 

j University of Nebraska 

Reba Lincoln 

10,067.0 

618.0 
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Jcraeys- Coniinited 


HANK 

OWNEK 

cow 

MILK 

PAT 

Senior four year old class —Continued 




pounds 

pounds 

5 

Oregon Agricultural Col- 

Sophie's Golden Glow 

10,827.0 

617.7 


lego 

Beauty 



6 

Kansas State Agricultural 

Khoi 

12,518.0 

615.2 


College 


1 


7 

University of Missouri 

Campus Virginia L 

9,387 0 

603.0 

8 

New Jersey Agricultural 

Rutger’s Oxford Marvel 

13, OM 0 

591.5 


College 




9 

University of California 

California Jap’s Nora 

10,528.0 

546.6 

10 

University of Arkansas 

Pearl’s Alpha 

10,550 0 

531.0 

11 

Connecticut Agricultural 

vStorr’s Select Butterfly 

8. 723.2 

509.7 


College 




12 

Purdue University 

Purdue’s Say da 

9,119 0 

467.0 

13 

University of Tennessee 

Fancy Evolution 

6,426.0 

356.0 

14 

University of Kentucky 

Hebron’s Lady 

6,366 2 

352.5 

15 

Clemson Agricultural Col- 

University Lad’s Violet 

6,975 4 

352.32 


lege 




10 

Colorado Agricultural 

No entry 




College 




17 

University of Idaho 

No entry 



18 

University of Illinois 

No entry 



19 

University of Minnesota 

No entry 



20 

North Dakota Agricul- 

No entry 




tural College 




21 

Pennsylvania State Col- 

No entry 


1 


lege 




22 

Virginia Polytechnic In¬ 

No entry 




stitute 




23 

West Virginia University 

No entry 


1 

1 

24 

University of Maryland 

No Jerseys 


! 


Junior four year old class 



1 

University of California 

Interested Jap’s Santa 

13,308.5 

805.72 

2 

University of Missouri 

Campus Virginia Q 

11,154.0 

623.0 

3 

University of Maine 

Poet’s Golden Flora 

111, 355.0 

610.0 

4 

University of Kentucky 

Dollie’s Valentine 

10,218.0 

578.0 

5 

Iowa State College 

Raleigh’s Maiden of Ames 

12,107.0 

543.8 

0 

University of Nebraska 

Ella Lincoln 

10,850.0 

531.0 

7 

Purdue University 

Lady Say da Mary 

9,167.0 

531.0 

8 

Kansas State Agricultural 

1 Docter’s Lady Love. 




College 


9,913.0 

495.1 

9 

Connecticut Agricultural 

Storrs’ Robin Butterfly 

8,627.0 

490 1 


College 


1 

1 
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.7 erscyft - Continued 


RANK 

I 

OWNER 

cow 

F/T 

Junior four year class — Continued 



pounds 

pOU'vls 

10 

University of Idaho 

Eagle’s Golden Princess 5,821.1 

• 349 3 

11 

University of Arkansas 

Eminent’s Rosaline (1,030 0 

330 5 

12 

Colorado Agricultural 

No entry 



(College 



13 

University of Illinois 

No entry 


14 

IMassacliusetts Agricul- 

No entry 



tiiral College 



15 

University of Minnesota 

No entry 


10 

New Jersey Agricultural 

No entry 



(College 



17 

North Dakota Agricul- 

No entry 



tural College 



18 

Oregon Agriculture Col- 

No entry 



lege 



11) 

Pennsylvania State (col¬ 

No entry 



lege 



20 

Clemson Agricultural Col¬ 

No entry 



lege (S. C.) 



21 

University of Tennessee 

No entry 


22 

Virginia Polytechnic In¬ 

No entry 



stitute 



23 

West Virginia University 

No entry 


24 

University of Maryland 

No Jerseys 



Senior three year old class 


1 

Oregon Agricultural Col¬ 
lege 

Oregon Maple G 

10,770 0 

050 2 

2 

Purdue University 

Estelle Joan 

10,932 Ol 

033 0 

3 

University of Illinois 

Volunteer’s Juliet 

12,280.0 

014 1 

4 

University of California 

California Inside 

9,991.8 

590 S 

5 

University of Maine 

Lakeland’s Lassie 

9,391.0 

550 0 

t) 

University of Arkansas 

Pearl’s Alpha 

10,239,6 

553.84 

7 

Kansas Agricultural Col¬ 
lege 

Sultana’s Jolly Tipsy 

9,201 0 

541 3 

S 

Iowa State College 

Ames Financial Beauty 

10,381.0 

529.0 

9 

University of Nebraska 

Ula Lincoln 

9,311.0 

520 0 

10 

New Jersey Agricultural 
College 

Mandy Matchless Queen 

8,900.3 

510.1 

11 

Connecticut Agricultural 
College 

Copper Butterfly 2nd 

8,837.5 

454 0 
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J nrseys—Continued 



OWNElt 

cow 

MILK 

FAT 


Senior three year old class— Continued 






pounds 

pounds 

12 

Clemson Agricultural Col- 

University Plymouth Belle 

8,872.7 

450.3 


lege (S. C.) 




13 

West Virginia University 

Nellie’s Little (iueenie 

9,142.9 

447.7 

14 

University of Idaho 

Eagle's Jersey Queen 

0,484.9 

395.3 

15 

University of Kentucky 

Raleigh’s Countess 

7,871.3 

378.8 

10 

Colorado Agricultural 

No entry 




College 




17 

Massachusetts Agricul- 

No entry 




tural College 




18 

University of Minnesota 

No entry 



19 

University of Missouri 

No entry 



20 

Pennsylvania State Col- 

No entry 




lege 




21 

University of Tennessee 

No entry 



22 

North Dakota Agricul- 

No entry 




tural College 




23 

Virginia Polytechnic In- 

No entry 




stitute 




24 

University of Maryland 

No Jerseys 

i 


Junior throe year old class 

1 

University of Minnesota 

Trill Pogis of Lily Dale 

!i2. 159.0 

682.0 

2 

Connecticut Agricultural 

i Beaudesert Pet 

11,806.0 

610.0 

3 

College 

University of Missouri 

Campus Virginia Q 

8,294 0 

468.0 

4 

University of California 

Mermaiden Fern 2nd 

9,110.0 

466.0 

5 

Iowa State College 

Pogis Belle of Ames 

\9,320.0 

456.8 

G 

Purdue University 

Purdue's Evening Prim- 

9,858.0 

454.0 



rose 



7 

Clemson Agricultural Col- 

Pogis Princess of P. V. 

10,005.0 

436.5 


lege 

Farms 



8 

North Dakota Agricult- 

Dodo’s Silverine 

7,092.9 

428.9 


ural College 



1 

9 

University of Arkansas 

Eminent’s Cynthia 

7,026.6 

424 4 

10 

Kansas State Agricultural 

i Sultana’s Noble Hevela- 

7,429.0 

413.7 


College 

tion 



U 

University of Nebraska 

Elaine Lincoln 

7,220.0 

408 0 

12 

Oregon Agricultural Col- 

Oregon Maple I’ 

7,304.0 

399.0 


lege 



13 

University of Kentucky 

Baronette’s Golden Me- 

6,958.8 

397.3 



Eachen 
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.7 e rseys —Continued 


BANK 

OWNElt 

COM' 

MILK 1 

1 

FAT 

Junior three year old class —Continued 




pounds 

pounds 

14 

West Virginia University 

Emma^s Pleasure 

8,020.0 

387.8 

16 

University of l^ennessee 

Cherokee Anne 

0,589 0 

340.2 

16 

University of Idaho 

Owl’s Traviata of Waikiki 

0,414 0 

335 4 

17 

Colorado Agricultural 

No entry 




College 




18 

University of Illinois 

No entry 



19 

University of Maine 

No entry 



20 

Massachusetts Agricul- 

No entry 




tural College 




21 

New Jersey Agricultural 

No entry 




College 




22 

Pennsylvania State (col¬ 

No entry 




lege 


! 


23 

Virginia Polytechnic In¬ 

No entry 

i 



stitute 




24 

University of Maryland 

No Jerseys 




Senior two year old class 


1 

University of California 

Interested Jap’s Santa 

9,051 0 

588.2 

2 

Oregon Agricultural Col- 

Oregon Tormentor Glow 

10,710 0 

587 6 

3 

lege 

New Jersey Agricultural 

Rutger’s Fern Clara 

9, 625 0 

557.4 

4 

C’ollege 

University of Missouri 

Campus Virginia T 

9,086 0 

489 0 

5 

Pennsylvania State Col- 

Pogis Romona of Old 

8,090 5 

476.9 

6 

lege 

University of Kentucky 

Forge 

Hebron’s Bet ty 

8,334 0 

414.5 

7 

Iowa State College 

Raleigh’s Maiden of Ames 

8,926 0 

404 6 

8 

University of Illinois 

Volunteer’s Juliet 

7,156.0 

370 7 

9 

Clenoson Agricultural 

Plymouth (Jueen Nora 

6,894.6 

362.4 

10 

College 

Connecticut Agricultural 

Storrs Althea 

6,733.1 

340.6 

11 

College 

University of Nebraska 

Glory Lincoln 

5,561.0 

336.0 

12 

University of Tennessee 

Jolly’s Eminent Isis 

6,408.0 

333.6 

13 

North Dakota Agricul¬ 

College Marietta 

7,067.5 

327.1 

14 

tural College 

University of Arkansas 

Cynthia’s Golden Babe 

6,428.1 

322.1 

15 

University of Minnesota 

Elayne Oxford of Lily Dale 

5,982 0 

288 0 

16 

Colorado Agricultural 

College 

No entry 
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Jei&eys—Continued 



j OM NER 

1 

cow 

1 

MlliK { 

FAT 

Senior two year old class— 




pounds 

pounds 

i: j 

University of Idaho 

No entry 



IS ! 

Kansas State Agricultural 

No entry 




College 




19 

University of Maine 

No entr> 



20 

INIassachusetts Agricul- 

No entry 




tural College 




21 

Purdue University 

No entry 



22 

Virginia Polytechnic Iii- 

No entry 




stiuie 




23 

West Virginia University 

No entry 



24 

University of Maryland 

No Jerseys 




Junior two year old class 


1 

1 

Pennsylvania State Col¬ 
lege 

Poiistatc’s Torono’s 
Blacky 

9,854.7 

532.3 

2 

Oregon Agricultural Col¬ 
lege 

Oregon Sweet Glow 

9,740 0 

525.5 

3 

University of Missouri 

Campus Virginia S 

7,829.0 

492 0 

4 

Iowa State College 

Ames Financial Beauty 

9,011 0 

475 2 

5 

University of California 

California^ft Owl’s Rose 

7,773.0 

475.1 

fi 

University of Nebraska 

Khna Lincoln 

9,185 0 

468.0 

7 

Kansas State Agricultural 
College 

iSultana’s Jolly Tix>sy 

7,940.0 

464.9 

S 

University of Illinois 

Majesty’s Iris 2rKl 

8,024.4 

450.9 

9 

University of Idaho 

Idaho Blossom 

7,650 7 

443.2 

10 

University of Kentucky 

Hebron’s Tcra B 

8,759. fi 

425.7 

11 

Purdue University 

1 

1 

Purdue’s Evening Prim¬ 
rose 

8,799 0 

419.0 

12 

Clemson Agricultural C’ol- 
! lege 

Blue Foxes’ Golden Trover 

9,141.0 

414.3 

13 

Connecticut Agricult ual 
College 

CopiJer Butterfly 2nd 

7,770.7 

403.4 

14 

North Dakota Agricul¬ 
tural College 

Roxanna Daisy 

[ 7,338.0 

376.2 

15 ! 

University of Arkansas 

Arkansas Fairy 2nd 

7,713.0 

373.2 

10 1 

j 

University of Minnesota 

Tylene Oxford of Lily 
Dale 

6,195.0 

352.0 

I 

i 

Colorado Agricultural 

College 

Sans Aloi Rosette 

6,623.0 

315.8 

IS : 

University of Maine 

Lassie of M. F. 

4,596.0 

306.0 
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J erseys—Continued 


RANK 

OWNfcR 

row 

MILK 

FAT 

Junior two year old class- Continued 




jwundff 

poardu 

10 

University of Tennessee 

Blue Belle of Meadow 

4,002.0 

261 2 



Brook 



20 

Massachusetts Agricul- 

No entry 




tural College 




21 

New Jersey Agricultual 

No cntr> 




College 




22 

Virginia Polytechnic In¬ 

No entry 




stitute 




23 

West Virginia LTniversity 

No entry 



24 

University of Maryland 

No Jerseys 




Guernseys 


Mature cow class 


3 

University of Illmois 

Yeksarose 4th 

14,527.1 

753 7 

2 

University of California 

Fern Ridge Rose 

17,062.0 

729.5 

3 

Massachusetts Agricul¬ 
tual College 

Karl’s Nantaska 

13,355.0 

704 0 

4 

Oregon Agricultural Col¬ 
lege 

May Rose IX of la Masse 

13,174.0 

696 1 

5 

Kansas State Agricultural 
College 

Imp Pallas 

13,240.0 

624.8 

6 

University of Minnesota 

Ycxeve of Ash Cove 

12,188.0 

619.0 

7 

Iowa State College 

Miss of St. Louis 2nd 

12,101.5 

618.7 

8 

University of Nebraska 

1 

Squire des Blicqs's 
Helene 

11,346,0 

592.0 

9 

University of Maryland 

Elfleda of Haddon 

14,093.0 

583.0 

10 

Connecticut Agricultural 
College 

Lonn Masher 

11,357 4 

558.7 

11 

North Dakota Agricul¬ 
tural College 

Y’eksa Sunbeam 2nd 

9,924.9 

487 4 

12 

13 

14 

15 

16 

17 

18 

University of Maine 
Clemson Agricultural Col¬ 
lege (S. C.) 

Colorado Agricultural 

College 

University of Kentucky 
New Jersey Agr. College 
University of Missouri 
Pennsylvania State Col¬ 
lege 

Canada’s Crensa 2nd 

No entry 

No entry 

No entry 

No entry 

No entry 

No entry 

10,631.0 

470.0 
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H. P. DAVIS AND K. A. BRAUN 


Guermeys—Continued 


RANK 

OWNER 

< ow 

MILK 

FAT 

Mature cow class —Continued 




pound* 

pounds 

19 

Purdue University (Ind.) 

No entry 



20 

Virginia Polytechnic In- 

No entry 




stitute 




21 

West Virginia University 

No Guernseys 



22 

University of Idaho 

No Guernseys 



23 

University of Arkansas 

No Guernseys 



24 

University of Tennessee 

No Guernseys 



Senior four year old class 

1 

Massachusetts Agricul- 

College King's Nantaska 

14,811.0 

684 0 


tural College 




2 

Iowa State College 

Rouge 11 of the Brickfield 

12,205.9 

608 1 

3 

North Dakota Agricul- 

Yeksa Proud 

7,936.0 

461.3 


tural College 




4 

University of Maryland 

Procida’s Poinsetta 

9,052.0 

425,0 

5 

Purdue University 

Imp. Rosetta III of An- 

8,879 0 

422.0 



nevilles 

1 


6 

Oregon Agricultural Col- 

Alcina of Upper Freehold 

7,359.0 

390 7 


lege 




7 

Colorado Agricultural 

Orlette's Fancy Lassie 

8,017.0 

381 9 


College 




8 

Connecticut Agricultural 

Kurot as Mansfield 2nd 

9,225.0 

359.5 


College 

* 



9 

University of Nebraska 

Princess Lincoln 

7,849.0 

347.0 

10 

University of California 

No entry 



11 

Clemison Agricultural Col- 

No entry 




lege 




12 

University of Illinois 

No entry 



13 

Kansas State Agricul- 

No entry 




tural College 




14 

University of Kentucky 

No entry 



15 

University of Maine 

No entry 



16 

University of Minnesota 

No entry 



17 

University of Missouri 

No entry 



18 

New Jersey Agricultural 

No entry 




College 




19 

Pennsylvania State Col¬ 

No entry 




lege 




20 

Virginia Polytechnic In- 

No entiy 




stit^ute 




21 

University of Arkansas 

No Guernseys 
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Ouemseyx—Conlinued 


RANK 

OWNt'-ll 

cow 

MTLK 

FAT 

Senior four year old vA&Hs—("ontinued 




pounds 

pounds 

22 

University of Idaho 

No Guernseys 



23 

University of Tennessee 

No Guernseys 



24 

University of West Vir- 

No Guernseys 



* 

ginia 




Junior four year old class 

1 

Pennsylvania State 

Delza 3rd 

10,608 7 

542 5 


lege 




2 

Kansas State Agricultural 

Imp. Lucy 11 of Carbinez 

10,59!> 0 

532.7 

3 

College 

University of Maine 

Lake Grove Lucretia 

8,228 0 

452 0 

4 

University of Illinois 

Jeydale 3rd 

8,797.0 

430 0 

5 

Iowa State College 

Imp. Princess 2nd of the 

8,853 sl 

428 7 



Blicqs 



() 

University of Nebraska 

Pearl Lincoln 

9,40S.0 

428.0 

7 

University of California 

Fern Ridge Pearl 

8,241.5 

398.5 

8 

Oregon Agrieiiltural Col- 

Little Nell of Foothills 

7,628 0 

331.8 


lege 

Farm 



9 

Clemson Agricultural (<ol- 

No entry 




lege 




10 

Colorado Agriealtural Col- 

No entry 




lege 




n 

Connecticut Agricultural 

No entry 




College 




12 

University of Kentucky 

No entry 



13 

University of Maryland 

No entry 



14 

Massachusetts Agricul- 

No entry 




tural College 




15 

University of Minnesota 

No entry 



16 

University of Missouri 

No entry 



17 

Now Jersey Agricultural 

No entry 




College 




IS 

North Dakota Agricul¬ 

No entry 




tural College 




19 

Purdue University 

No entry 



20 

Virginia Polytechnic In¬ 

No entry 




stitute 




21 

University of Arkansas 

No Guernseys 



22 

University of Idaho 

No Guernseys 



23 

University of Tennessee 

No Guernseys 



24 

University of West Vir¬ 

No Guernseys 




ginia 
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H. P. DAVIS AND R. A. BRAUN 


Guernseys—Continued 


BANK 

OWNER 

cow 

MILK 

FAT 

Senior three year old class 




pounds 

pounds 

1 

Massachusetts Agricul- 

Nantaska Beauty 

11,359.0 

608.0 


tural College 




2 

University of Illinois 

Yeksarose 4th' 

11,904.4 

602.7 

3 

University of Nebraska 

Squire des Blicqs’s Helene 

10,577.0 

559.0 

4 

Connecticut Agricultural 

Lorin Masher 

10,632,4 

529.3 


College 




5 

Colorado Agricultural Col- 

D^ly Bonits 

10,044.2 

476.9 


lege 



0 

Iowa State College 

Imp. Parson’s Spot III 

9,002.0 

411.3 

7 

Kansas State Agricultural 

Imp. Donnington Happy 

7,598 0 

374.4 


College 

Girl 7th 



8 

University of Maryland 

I^eggy of Rossbourg 

7, 311.0 

352.0 

9 

University of California 

No entry 



10 

Clemson Agricultural Col- 

No entry 




lege 




11 

University of Kentucky 

No entry 



12 

University of Maine 

No entry 



13 

University of Minnesota 

No entry 



14 

University of Missouri 

No entry 



15 

North Dakota Agricul¬ 

No entry 




tural College 




16 

Oregon Agricultural Col¬ 

No entry 




lege 

No^^entry 



17 

Pennsylvania State Col¬ 




lege 



1 

18 

Purdue University 

No entry 



19 

Virginia Polytechnic In¬ 

No entry 




stitute 




20 

New Jersey Agricultural 

No entry 

1 



College 




21 

University of Arkansas 

No Guernseys 



22 

University of Idaho 

No Guernseys 



23 

University of Tennessee 

No Guernseys 



24 

University of West Vir¬ 

No Guernseys 




ginia 





Junior three year old class 


1 

University of Nebraska 

Squire ties Blicqs’s 
Ramona 

10,672.0 

501.0 

2 

University of Maine 

Canada’s Crensa 3rd 

8,611.0 

438.0 

3 

University of California 

Fern Ridge Rose 

9,928.8 

436.4 
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Guernseys—Continued 


BANK 

OWNER 

cow 

MILK 

Fat 

Junior three year old class —Continued 




pOUTHln 

pounds 

4 

Connecticut Agricultural 

Lute Storr^s Masher 

S,020 7 

433 3 


College 




5 

University of Maryland 

Procida of Rossbourg 

9,412.0 

422.0 

G 

Purdue University 

Imp. Betty’s Prize 

7,049 0 

391.0 

7 

North Dakota Agricul- 

Yeksa Proud 

0,913.0 

382.4 


tural College 




8 

Iowa State College 

Miss St. Louis of Ames 

6,920 9 

376.7 

9 

Oregon Agricultural Col- 

Freesia’s Corona Lass 

7,872.0 

363 4 


lege 




10 

Clcmson Agricultural Col- 

No entiy 



11 

Ic ^e 

Colorado Agricultural Col- 

No entry 




lege 




12 

University of Illinois 

No entry 



13 

Kansas State Agricultural 

No entry 




College 




14 

Univ(!rsity of Kentucky 

No entry 



15 

Massachusetts Agricul- 

No entry 




tural College 




16 

University of Minnesota 

No entry 



17 

University of Missouri 

No entry 



18 

New Jersey Agricultural 

No entry 




College 




19 

Pennsylvania State Col¬ 

No entry 




lege 




20 

Virginia Polytechnic Col¬ 

No entry 




lege 




21 

University of Arkansas 

No Guernseys 



22 

University of Idaho 

No Guernseys 



23 

University of Tennessee 

No Guernseys 



24 

University of West Vir¬ 

No Guernseys 



1 

ginia 




Senior two year old class 



1 

Iowa State College 

Imp. Rouge II of the 
Brickfield 

10,963.0 

612.5 

2 

Kansas State Agricultural 
College 

Bernice’s Countess 2nd 

9,991 0 

521 8 

3 

Massachusetts Agricul¬ 
tural College 

Imp. Bijou of Linda Vista 

9,507.0 

485.0 

4 

University of Maine 

Crensa’s Belle 

7,502.0 

444 0 
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H. P. DAVIS AND R. A. BRAUN 


Guernseys-—-Continued 


r\nj: 

OWNKR 

cow 

MILK 

PAT 

Senior two year old class —Continued 




pounds 

ponnds 

5 

Clemson Agricultural 

Pet’s Soso 

7,523.8 

423 0 


College 




6 

University of Minnesota 

Lil of Beirnetown , 

8,313.0 

375.0 

7 

North Dakota Agricul- 

Yeksa Sunburst 2nd 

7,510.4 

354 1 


tural College 




8 

Purdue University 

Imp. Jeanette of Seignerrie 

6,879.0 

354 0 

9 

University of Maryland 

Selma of Rossbourg 

7,091 0 

325.0 

10 

Connecticut Agricultural 

Eurotes Mansfield 2nd 

6,911.4 

294.8 


College 




11 

University of California 

No entry 



12 

University of Colorado 

No entry 



13 

University of Illinois 

No entiy^ 



14 

University of Kentucky 

No entry 



15 

University of Missouri 

No entry 



1() 

New Jersey Agricultural 

No entry 




College 




17 

University of Nebraska 

No entry 



18 

Oregon Agricultural 

No entry 

1 

1 



College 




19 

Pennsylvania State C^ol- 

No entry 



1 

Icge 




20 

Virginia Polytechnic In¬ 

No entry 




stitute 




21 

University of Arkansas 

No Guernseys 



22 

Ihiiversity of Idaho 

No Guernseys 



23 

University of Tennessee 

No Guernseys 



24 

University of Itest Vir¬ 

No Guernseys 




ginia 





Junior two year old class 


1 

Clemson Agricultural 

College (S. C.) 

May King’s Alvada 

12,294.9 

538.0 

2 

Iowa State College 

Ames Rouge Lassie 

8,966.6 

512.9 

3 

University of Maryland 

Royal Lady of Oakhurst 

9,008.0 

507.0 

4 

University of Illinois 

Miranda Pride of Ober- 
land 

9,360.9 

505.2 

5 

University of Minfiesota 

Le Gele’s Prairie Side Bell 

10,124.0 

474.0 

6 

University of Kentucky 

Ladbclle of Sunnyside 

7,596.3 

434.3 

7 

Pennsylvania State Col¬ 
lege 

Glow of Cloverdell 

8,741.1 

424.7 

8 

Kansas State Agricultural 
College 

Imp. Lucy II of Corbinez 

8,133.0 

422.9 
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Guernsey ft—Contin ucd 


KANK 

S Eli 

row 

MILK 

PAT 

Junior two year old class —Continued 




pon nils 

pounds 


University of California 

California Pearl 

7, 652 5 

389 7 

10 

University of Nebraska 

Squire des Hlicqs's Helene 

7,(«2.0 

383.0 

11 i 

Connecticut Agricyltural { 

Ijute Storr’s Masher 

7,067 0 

356.6 


College 




12 

North Dakota AgricuL 

King Masher’s Martha 

7,111,6 

353.3 


tiiral College 




13 

Colorado Agricultural 

Orlette’s Fancy Lassie 

6,322.1 

341.6 


College 




14 

Purdue University 

Imp. Betty’s Prize 

6,314 0 

316 0 

15 

Oregon Agricultural Col- 

P'reesia’s Corona Lass of 

6,711 0 

298 0 


lege 

low'a 



16 

University of Maine 

No entry 



17 

Massachusetts Agricul- 

No entry 




tural College 




18 

University of Missouri 

No entry 



19 

New Jersey Agr. College 

! No entry 



20 

Virginia Polytechnic In¬ 

1 No entjy 




stitute 




21 

University of Arkansas 

No Cucrnscys 



22 

University of Idaho 

No Ciiernseys 



23 

University of Tennessee 

No Cuernseys 



24 

University of West Vir¬ 

No Cuernseys 




ginia 





A yrshtres 


INtature cow class 


1 

Kansas State Agricultural 
College 

Canary Bell 

19,863.0 

744 51 

2 

University of Illinois 

Bluebell of the Plains 

15,122 0 

724.53 

3 

Massachusetts Agricul¬ 
tural College 

Spot Fox 

17,749 0 

634 0 

4 

Connecticut Agricultural 
College 

Mauchlin Snowdrop 2nd 

14,080 0 

618.53 

5 

University of Nebraska 

Bonnie Jean 

13,062.0 

570.0 

() 

University of California 

Willowmoor Cherry 

12,601.0 

551.4 

7 

Purdue University 

Bangora’s Fizzaway Pearl 

15,000 0 

545.0 

8 

Iowa State College 

Cavalier’s Belle of Spring 
City 

13,434.0 

515.2 

9 

University of Arkansas 

College Lass 

11,393.0 

499 0 

10 

Oregon Agricultural Col- 
lege 

Willow^moor White Pride B 

12,234.0 

482.4 
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H. P. DAVIS AND R- A. BRAUN 


A yrshires—Continued 


BANK 

OWNEB 

cow 

MILK 

FAT 

Mature cow class —Continued 




pounds 

pounds 

11 

West Virginia University 

Molly Ostrum 

10,702 2 

429.7 

12 

University of Minnesota 



420.0 

13 

University of Maine 

Envious Athenia 

9,337.0 

392.0 

14 

University of Maryland 

Salome of Spring Valley 

11,000.0 

390 0 

15 

New Jersey Agricultural 

No entry 




College 




16 

Pennsylvania State Col- 

No entry 




lege 




17 

University of IMissouri 

No entry 



18 

Virginia Polytechnic In- 

No entry 




Btitute 




19 

Clemson Agricultural Col- 

No Ayrshires 




lege (S. C.) 




20 

Colorado Agricultural 

No Ayrshires 




College 




21 

University of Idaho 

No Ayrshires 



22 

University of Kentucky 

No Ay reshires 



23 

University of Tennessee 

No Ayrshires 



24 

North Dakota Agricul- 

No Ayrshires 




tural College 




Senior four year old <jlass 

1 

Purdue University 

Bangora’s Fizzaway 

14,983.0 

532.0 

2 

Iowa State College 

Robin Hood Cavalier’s 

12,205.0 

529.4 



Lass 



3 

Connecticut Agricultural 

Mauchlin Whitehill True 

11,894 0 

518.5 


College 




4 

Kansas State Agricultural 

Elisabeth of Juneau 

14,953.0 

480.9 


College 




5 

Oregon Agricultural Col- 

Willowmoor Douglas 

11,4.54.0 

463.8 


lege 


1 


6 

University of California 

Willowmoor Cherry 

10,465.0 

445.0 

7 

University of Illinois 

Violet of the Plains 

10,713.0 

381.8 

8 

University of Arkansas 

No entry 



9 

University of Maine 

No entry 



10 

University of Maryland 

No entry 



11 

Massachusetts Agricul- 

No entry 




tural College 




12 

University of Minnesota 

No entry 



13 

Now Jersey Agricultural 

No entry 




College 




14 

University of Nebraska 

No entry 
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A yrshircs- -Continued 


BANE 

OWNKIl 

row 

MILK 

F\T 

Senior four year old class —Continued 

15 

m 

17 

IS 

19 

20 

21 

22 

23 

24 

Pennsylvania State Col¬ 
lege 

University of Missouri 

University of West Vir¬ 
ginia 

Virginia Polytechnic In¬ 
stitute 

Clemson Agricultural Col¬ 
lege 

Colorado Agricultural Col¬ 
lege 

University of Idaho 

University of Kentucky 

University of Tennessee 

North Dakota Agricul¬ 
tural College 

No entry 

No entry 

No entry 

No entry 

No Ayrshires 

No Ayrshires 

No Ayrshires 

No Ayrshires 

No Ayrshires 

No Ayrshires 

pounds 

pouttdn 


Junior four year old class 


1 

Massachusetts Agricul- 

Victoria Beauty Lass 

15,980.0 

666 0 


tural College 




2 

Kansas State Agricultural 

Bangora 2nd^8 Good Gift 

13,695.0 

547 6 


College 




3 

Connect icut Agricultural 

Mauchlin Snowdrop 2nd 

11,537.0 

494 0 


College 




4 

University of Maryland 

Kitty Macs j 

11,910 0 

491.0 

5 

University of Arkansas 

Beauty’s Aldena 1 

11,117.0 

457 H 

0 

Iowa State College 

Barclay’s Flash Girl 

10,934.0 

427 1 

7 

University of Nebraska 

Celeaste Lincoln 

8,220.0 

377.0 

8 

Oregon Agricultural Col- 

Mabel Chalmers 

10,083.0 

352 0 


lege 




9 

University of California 

(•alifornia Cherry 

10,486.0 

351 2 

10 

University of Illinois 

mini Bluebell of the Plains 

8,241.0 

340 <1 

11 

University of Minnesota 

No entry 



12 

University of Maine 

No entry 



13 

New Jersey State College 

No entry 



14 

Pennsylvania State Col¬ 

No entry 




lege 




15 

Purdue University 

No entry 



If) 

University of Missouri 

No entry 



17 

University of West Vir¬ 

No entry 




ginia 
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A t/rsktres—Continued 


RANK 

OWNER 

cow 

MILK 

PAT 

Junior four year old class —Continued 




pounds 

pounds 

18 

Virginia Polytechnic In- 

No entry 




stitute 




19 

Clemson Agricultural Col- 

No Ayrshires 




lege 




20 

Colorado Agricultural 

No Ayrshires 




College 




21 

University of Idaho 

No Ayrshires 



22 

University of Kentucky 

No Ayrshires 



23 

University of Tennessee 

No Ayrshires 



24 

North Dakota Agricul¬ 

No Ayrshires 



1 

tural College 





Senior three year old class 


1 

Kansas State Agricultural 

Bangora’s Melrose 

14,515.0 

568.1 


College 




2 

Massachusetts Agricul- 

Norena^s Violet 

13,347.0 

559 0 


tural College 




3 

University of Maine 

Majestic Netta 

10,000 0 

4C0.0 

4 

Connecticut Agricultural 

Mauchlin Whitehill True 

8,739.2 

428.C 


College 




5 

Oregon Agricultural Col- 

College Netherall Blonde 

10,112 0 

418.8 


lege 




c> 

Pennsylvania State Col- 

Penstates Finlayston 

9,274.0 

412.2 

1 

lege 

Snowdrop 



7 

University of Arkansas 

No entry 



8 j 

University of (California 

No entry 




University of Illinois 

No entry 




Iowa State College 

No entry 



11 

University of Maryland 

No cntiy' 



12 

University of Minnesota 

No entry 



13 

New Jersey Agricultural 

No entry 




College 




14 

Purdue University (In¬ 

No entry 

1 



diana) 




15 

i University of Nebraska 

No entry 




University of Missouri 

No entry 



17 

University of West Vir¬ 

No entry 

1 



ginia 




18 

Virginia Polytechnic In¬ 

No entry 




stitute 
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A yrahircs—Continued 


RANK 

OWNKR 1 

cow 

MILK 

I 

KAT 

Senior three year old class —Continued 




pounds 

jtonnda 

19 

Clemson Agricultural Col- 

No Ayrshires 




lege (S. C.) 




20 

Colorado Agricultural Col- 

No Ayrshires 




lege 




21 

University of Idaho 

No Ayrshires 



22 

University of Kentucky 

No Ayrshires 



23 

University of Tennessee 

No Ayrshires 



24 

North Dakota Agricul¬ 

No Ayrshires 




tural College 





Junior three year old class 


1 

Iowa State C^ollege 

ejavalier’s Robin Hood 
Lass 

9,830 0 

472 4 

2 

Oregon Agricultural C'ol- 
lege 

Willovrmoor White Pride B 

10,730.0 

441.8 

3 

Massachusetts Agricul¬ 
tural College 1 

Beauty Chevlynn 

10,387 0 

433 0 

4 

University of Nebraska 

Clemie Spencer 

10,270 0 

392 0 

5 

University of Maine 

Wilson Valley Rhoda 

8,991 0 

370.0 

6 

Connecticut Agricultural 
College? 

Maiichliii Snowdrop 2nd 

8,359 0 

305.4 

7 

Purdue University 

Bangora Pearl Croft 

9,503 0 

347 0 

8 

University of California 

California Barcheskie . 

8,105 0 

318. C 

9 

Kansas State Agricultural 
College 

Kansas Croft Maude 

8,442.0 

314.9 

10 

University of Illinois 

Cornflow'er 

7,043.0 

311.2 

11 

12 

13 

14 

15 

10 

17 

18 

19 

20 

University of Arkansas 

University of Maryland 

University of Minnesota 

Ne>v Jersey Agricultural 
College 

Pennsylvania State Col¬ 
lege 

University of Missouri 

University of West Vir¬ 
ginia 

Virginia Polytechnic In¬ 
stitute 

Clemson Agricultural Col¬ 
lege (S. C.) 

Colorado Agricultural 

College 

College Lass 

No entry 

No entry 

No entry 

No entry 

No entry 

No entry 

No entry 

No Ayrshires 

No Ayrshires 

7,095 0 

308.4 
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A yrsklres—Continued 


RANK 

OWNBB 

cow 

MILK 

FAT 

Junior tliree year olrl clasts—Continued 




pounds 

pounds 

21 

University of Idaho 

No Ayrshires 



22 

University of Kentucky 

No Ayrshires 



23 

University of Tennessee 

No Ayrshires 



24 

North Dakota Agricul- 

No Ayrshires 




tural College 




Senior two year old class 

1 

University of Maryland 

Juno of Ilossbourg 

12,371.0 

537.0 

2 

Pennsylvania State Col- 

Penstates Finlayston Bell 

10,644 0 

529.0 


lege 




3 

Massachusetts Agricul- 

Victor’s Beauty Lass 

12,664.0 

521 0 


tural College 




4 

Kansas State Agricultural 

Cavalier's Croft Melrose 

12,499.0 

467 5 


College 




5 

Oregon Agricultural Col- 

Oregon Panetta B 

11,295.0 

452.1 


lege 


i 


6 

University of Missouri 

Campus Canary E 

8,860.0 

392 0 

7 

University of Nebraska 

Celeaste Lincoln 

9,604.0 

377.0 

8 

University of Maine 

Majestic Netta I 

8,010.0 

322.0 

9 

University of Illinois 

mini Bluebell of the Plains 

7,281.0 

314.7 

10 

University of Arkansas 

No entry 



11 

Connecticut Agricultural 

No entry 




College 




12 

University of California 

No entry 



13 

Iowa State College 

No entry 



14 

University of Minnesota 

No entry 



15 

New Jersey Agricultural 

No entry 




College 




16 

Purdue University 

No entry 



17 

Virginia Polytechnic In- 

No entry 




stitute 




18 

University of West Vir¬ 

No entry 




ginia 




19 

Clemson Agricultural Col¬ 

No Ayrshires 




lege 




20 

Colorado Agricultural Col¬ 

No Ayrshires 




lege 




21 

University of Idaho 

No Ayrshites 



22 

University of Kentucky 

No Ayrshires 



23 

University of Tennessee 

No Ayrshires 



24 

North Dakota Agricul¬ 

No Ayrshires 




tural College 
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A ymldre.R—Con tin ued 


KANK 

OWNEH 

row 

MILK 

FAT 

Junior two year old class 




pounds 

pounds 

1 

Kansas State Agricultural 

Melrose Canary Bell 

13,785 0 

502.9 


College 




2 

Iowa State College 

Ames Robin Hood Princess 

10,000.0 

467,2 

3 

Oregon Agricultural ('ol- 

Oregon Panetta G 

11,365.0 

453.1 


lege 




4 

University of Maine 

Majestic Girl of Orono 

10,000 0 

450 0 

5 

University of Maryland 

Sunshine of Rossbourg 

0,088 0 

404 0 

() 

Connecticut Agricultural 

Mauchlin Siiow^drop 2nd 

8,050 0 

357 8 


College 




7 

University of California 

California Barcheskie 

7,859 0 

352 3 

S 

University of Missouri 

Campus Canary F 

8,327 0 

329.0 

9 

University of Nebraska 

Bonalec B. Lincoln 

6,878.0 

323.0 

10 

Purdue University 

Millie Woolford Fizzaway 

7,265 0 

265 0 

11 

University of Illinois 

Violet of the Plains 2nd 

6,731.0 

260.9 

12 

University of Arkansas 

No entry 



13 

Massachusetts Agricul- 

No entry 




tural College 




14 

University of Minnesota 

No entry 



15 

New Jersey Agricultural 

No entry 




College 




16 

Pennsylvania State Col¬ 

No entry 




lege 




17 

Virginia Polytechnic In¬ 

No entry 




stitute 




18 

University of West Vir¬ 

No entry 




ginia 




19 

Clemson Agricultural Col¬ 

No Ayrshires 




lege 




20 

Colorado Agricultural Col-^ 

No Ayrshires 




lege 




21 

University of Idaho 

No Ayreshires 



22 

University of Kentucky 

No Ayrshires 



23 

University of Tennessee 

No Ayrshires 



24 

North Dakota Agricul¬ 

No Ayrshires 




tural College 





THE MINERAL REQUIREMENTS OF DAIRY COWS* 

PRESENT STATUS 01'' THE QUESTION 
EDWARD B. MEIGS • 

Dairy Division, Untied Stales Department of Agriculture, Washington, D.C. 

Receiveil for publication October 27, 1922 

The discussion in this paper will be confined to the two ele¬ 
ments, calcium and phosphorus. Tliere is little reason to think 
that deficiencies of any other mineral elements play a very large 
or general practical r61e under ordinary conditions, except, per¬ 
haps, in the case of iodine. There is much evidence in existence 
which shows that in certain regions goitre develops in human 
beings as well as in farm animals as the result of an iodine 
deficiency in the food. But the discussion of this question is 
outside the scope of the present paper. 

The subject of calcium and phosphorus deficiencies may be 
outlined under three questions. 

I. Do deficiencies of calcium and phosphorus in the rations 
of dairy cows play an important practical part under present 
conditions of feeding? 

II. Under what circumstances do such deficiencies occur? 

III. How are they to be corrected? 

I 

The work of Forbes has probably done more to call attention 
to the possibility that dairy cows may often suffer from calcium 
and phosphorus deficiencies than that of any other recent 
investigator. Forbes has carried out approximately fifty experi¬ 
ments in which the calcium and phosphorus balances of dairy 
cows were determined (1). When the cows were giving liberal 

* Paper read before the Production Section of the American Dairy Science 
Association, October 10, 1922, St. Paul, Minnesota. 
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quantities of milk, the calcium balances were always negative; 
and the phosphorus balances, usually so. In most of the experi¬ 
ments the rations were not such as one would naturally expect to 
be deficient in either calcium or phosphorus. On the contrary, 
they contained large quantities of alfalfa or other legume hay 
and of such concentrates as wheat bran and cottonseed meal, 
which have a high phosphorus content. The cows which were 
fed on such rations and which gave 30 pounds of milk or more 
daily had an average negative calcium balance of 10 grams daily. 
A cow which continued to lose calcium at this rate for a year 
would have suffered a loss of more than 3.5 kgm. of calcium at 
the end of that period— more than half of all the calcium which 
the average cow contains in her body. If Forbes’ results are 
quantitatively representative of what occurs under ordinary 
conditions, it would seem that the practice of feeding cows so 
that they produce from 15,000 to 30,000 pounds of milk in the 
year, as is now so frequently done with cows on test, must very 
often result in disaster to the animals .subjected to it. 

There is reason to think, however, that Forbes’ results, though 
very important and significant, are not quantitatively represen¬ 
tative of what occurs under ordinary conditions. Some years 
ago the author in conjunction with others review'^ed the me¬ 
tabolism experiments of the last fifty years in which calcium and 
phosphorus balances have been determined, and showed that 
the results of such experiments are such as to indicate that the 
conditions of balance experiments usually interfere with calcium 
assimilation (2). Very recently Hart and his collaborators have 
reported results which throw much more light on the subject (3). 
In Hart’s experiments liberally milking cow^s were fed on rations 
of grain, corn silage, and alfalfa hay—practically the same 
rations that many of Forbes’ cows got. The alfalfa hay used in 
these experiments was of two kinds. One lot had been cured in 
windrows with four days exposure to the sun; the other lot had 
been cured under caps. The cows which got the hay cured in 
windrows had much smaller negative calcium balances than 
Forbes cows—between 2 and 3 grams daily on the average. The 
cows which got the hay cured under caps had positive calcium 
balances. 
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It seems justifiable to sum up the evidence so far presented by 
sajTing that liberally milking cows, which are fed on large quanti¬ 
ties of good alfalfa hay combined with concentrates high in 
phosphorus, and kept under favorable general conditions, are 
usually able to maintain themselves in calcium and phosphorus 
equilibrium. But it is highly probable that minor circumstances, 
which have hardly been noticed heretofore, such as changes in 
the quality of the hay and changes in general routine, are capable 
of producing negative balances. 

It seems, therefore, that it is not quite easy to keep liberally 
milking stall-fed cows in calcium and phosphorus equilibrium, 
even when the rations are of the best. What occurs when some 
comparatively low calcium roughage such as timothy hay, oat 
straw, com stover, or com silage is substituted for the alfalfa? 
On this question there is no shadow of disagreement in th? 
evidence from various sources. 

Both Hart and Forbes have determined the calcium balances 
in liberally milking cows which received timothy hay or other 
roughage low in calciiun. In all cases the calcium balances 
were markedly negative, the figures indicating that the cows 
were losing about 20 grams of calcium daily. In view of the 
possibility that the conditions of balance experiments may 
interfere with calcium assimilation, experiments are now being 
carried out at this station in which cows under ordinary farm 
conditions are being fed a high protein grain mixture combined 
either with timothy hay alone or with timothy hay and com 
silage. The milk yield of these cows is being compared with 
others fed either on the same rations with calcium carbonate 
added; or on rations with the same protein content and otherwise 
as nearly as possible similar, but with alfalfa hay substituted for 
the timothy. These experiments arc still far from complete, 
but the results so far agree in showing that the milk yield is 
always sooner or later markedly reduced by the rations with the 
low calcium roughage, and that a considerable part of this 
reduction at least, is caused by the calcium deficiency. 

There is every reason to believe, therefore, that liberally milk¬ 
ing stall-fed cows can be kept in calcium equilibrium only by 
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feeding large quantities of roughage high in calcium, such as 
alfalfa hay. It need hardly be said that this practice is by no 
means universally followed, and there is no doubt that calcium 
deficiencies play an important practic^al part in the feeding of 
dairy cows as practiced in many parts of the country. 

II 

The question of the circumstances under which dairy cows are 
likely to be fed rations deficient in calcium or phosphorus has 
already been partially answered. But there are a number of 
important points still to be taken up. 

The question of the effect of pasture on calcium and phosphorus 
assimilation has so far not been touched. In 1911 Fingerling 
reported results which showed that phosphorus was better 
absorbed by farm animals from fresh green roughage than from the 
same material after it had been dried and converted into hay (4). 
More recently Hart has shown that the same thing holds true 
for calcium both in the case of the oat plant and in that of the 
alfalfa plant (5). Fingerling suggested that the phosphorus com¬ 
pounds might be encrusted in the dried hay so that the digestive 
juices of the animals to which they were fed could not get at them. 
But, since his results were published, much work has appeared 
which indicates that the assimilation of calcium and phosphorus 
is influenced by vitamines. The Autamincs in question may exert 
their influence even though they are fed as a part of one of the 
dietary constituents; and the calcium and phosphorus com¬ 
pounds, as another. Hart inclines to the view that fresh green 
plant tissue contains a vitamine which is favorable to calcium 
assimilation. 

The evidence reviewed in section 1, therefore, must be taken 
as applying only to animals which arc fed exclusively on dried 
materials and corn silage. Dairy cows on pasture can maintain 
calcium equilibrium on a smaller absolute calcium intake than 
those on dried materials with or without corn silage. But the 
details of this subject remain almost wholly to be worked out. 
It will be necessary in the future to gather further evidence on 
the question whether the hypothetical vitamine in green plant 



50 


EDWARD B. MEIGS 


tissue can be separated from the calcium and phosphorus com¬ 
pounds thereof and still retain its potency, whether it is con¬ 
tained in equal amounts in various species of plants, whether it is 
so potent that we may safely neglect the actual calcium and 
phosphorus content of the rations in the case of cows on pasture, 
how it may best be conserved in the curing of hay, etc., etc. 
These and similar questions seem to the author to call as urgently 
for solution as any others in the field at present; not only for the 
sake of the daily industry, but also for that of the science of 
nutrition in general. 

There are two other subjects which come properly in this 
section, on which our present information is very scanty, but 
w'hich cannot be passed over without mention; namely the 
relation of calcium deficiency in the ration to the quantity of 
the milk yield, and the question whether, under practical circum¬ 
stances, it is common for rations to be fed in which the chief 
deficiency is that of phosphorus. 

Forbes has reported the results of determining calcium and 
phosphorus balances in the case of cows that were dry or giving 
only small amounts of milk. Both calcium and phosphorus 
balances w’ere usually positive. The cows used in these experi¬ 
ments, however, received alfalfa hay. The results of feeding 
timothy hay to cows giving small amoupts of milk have been 
observed to some extent at this station. The observations are 
not sufficient to justify any very positive statements. When 
cows giving small amounts of milk are changed from alfalfa to 
timothy hay, the yield does not fall off so soon or so markedly 
as when this change is made at a higlier level; and some of the 
cows on timothy hay have continued to give a small amount of 
milk (in the neighborhood of five pounds daily) for many months 
consecutiv'ely. These cows, however, were consuming rations 
which contained much more protein and total nutrients than they 
required according to any of the feeding standards. It is doubtful 
whether the results should be considered anything more than 
examples of the fact that cows giving small amounts of milk can 
eat much more food than they require, and, in that way, com¬ 
pensate for the. partial deficiency of some particular element of 
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the food. It is perhaps not too strong a statement that it is 
always bad practice not to include liberal quantities of legume 
hay in the rations of dairj”^ cows wliich arc receiving only dry 
feeds and silage. 

The cases where a deficiency of phosphorus in the rations of 
dairy cows plays an important practical part are probably much 
less common than in the case of calcium, llie only rich source 
of calcium for these animals is legume hay, and it is easy to make 
up a ration without legume hay, but which nevertheless contains 
plenty of protein and total nutrients to provide for the most 
liberal milk yield. But phosphorus is plentifully contained in 
most of the high protein concentrates as well as in wheat bran, 
and most rations which contain enough protein and total nutri¬ 
ents to provide for a liberal milk yield, contain large quantities 
of phosphorus also. In her dry period, however, a cow can easily 
eat enough roughage to cover her requirements, and, under these 
circumstances, she may be getting a ration which is rather low 
in phosphorus. This station recently published a bulletin in 
which it was shown that the milk yield of cows which had been 
subjected for some years to the station routine could usually be 
improved by adding sodium phosphate to the ration given in the 
dry period. 

The favorable effects ()f feeding phosphate in the experiments 
under consideration, however, were due to the cows having 
received deficient rations in their previous lactation periods. 
The results cannot., therefore, be regarded as proof that animals 
which should begin their dry periods in an ideal state of nutrition 
would suffer from a shortage of phosphorus during that period, 
even though they were fed chiefly on roughage with a low 
phosphorus content. 

Ill 

The question how calcium and phosphorus deficiencies in the 
rations of dairy cows are to be avoided has been answered nearly 
as far as it can be answered in the two preceding sections. The 
evidence now on hand indicates that the calcium question is 
much the more urgent of the two; that liberally milking cows 
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probably always suffer from a calcium deficiency when they arc 
fed on dry rations with or without silage and without a liberal 
admixture of alfalfa or other legume hay; but that they can be 
kept in calcium equilibrium if enough alfalfa hay of the rigtit 
quality is provided. The evidence also indicates that the 
danger of a calcium deficiency is less acute when the cows are on 
pasture. Tn regard to the question of improving dairy rations 
which are low in their natural calcium content by the addition 
of a salt of this element, the evidence indicates that the improve¬ 
ment so obtained is very limited. The practice is not to be 
recommended for the present, except to help the dairy farmer out 
of a temporary dilenuna. 

What ought to be done by the practical dairy farmer in the 
light of present knowledge is perfectly clear. In feeding his 
cows he should follow the example of the engineer who has to 
build a bridge out of materials that may be faulty, and build 
somewhat stronger than the calculations call for. He should not 
attempt or hope for large yields of milk through the winter 
unless he has alfalfa or other legume hay at command. If he has 
alfalfa, it will probably pay him to feed a pound of it for every 
three or four pounds of milk that he obtains. And it will prob¬ 
ably pay him also to see that each of his cows has a dry period of 
two months and that during that period she receives twice the 
maintenance ration in protein and total nutrients. 

But most of all it will be worth while for him to realize how 
small and dim is the present fight of knowledge in the vast 
field of ignorance of nutritional questions. In attempting to give 
practical advice, it is impossible at present to step out boldly in 
any direction. It is commonly thought that other legume hays 
can be substituted for alfalfa as a source of calcium, but there are 
no satisfactory experiments on the subject. The commonly 
received opinion is largely guess work. And the enormously 
important question of the calcium requirement for cows on 
different kinds of pasture has hardly been touched. The practical 
dairyman should realize that these questions and other similar 
ones can be answered by further work on the subject, and he 
should encourage attempts to answer them as far as he can. 
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STUDIES IN THE GROWTH AND NUTRITION OF 
DAIRY CALVES 


V. MILK AS THE SOLE RATION FOR CALVES 
ANDREW C. McCANDLISH 

Dairy Husbandry Sceiion, Iowa Slate College of Agriculture, and Mechanic Arts, 

Ames, Iowa 

From time immemorial milk has been regarded as the feed best 
adapted to the complete nourishing of mammalia. It is the sole 
ration of all mammals during the earlier part of their post-natal 
development and is also recognized as an excellent staple in the 
diet of the adult human, especially in the case of invalids. On the 
farm it is used extensively in the. feeding of young animals, and 
in the case of the hog it is fed in large quantities to more mature 
individuals. 

Within the last decade much investigational work has been 
done concerning the nutritive value of milk and other feed stuffs. 
The major portion of this work has been conducted with labora¬ 
tory animals and no attention has been paid to some of the factors 
which determine to a large extent the value of milk to certain 
types of livestock. The object of the work reported here was 
to determine the value of milk as the sole ration for calves. 

RfisUMi OF PREVIOUS WORK 

The nutrients recognized as essential to the welfare of the 
animal organisms are carbohydrates, fats, proteins, ash, w'ater 
and the food accessories or vitamin cs. The proximate composi¬ 
tion of milk, showing the average amounts of the most abundant 
constituents present, is given in the first tabulation. 

The proteins, fats and carbohydrates are pre.sent in the pro¬ 
portions that are recognized as being suited for the growth of 
young animals and the ash constituents are also abundant. 
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Within recent years it has been shown that all proteins arc not 
of equal value for nutritional purposes as the nutritive value of a 
protein is determined by its amino-acid constitution. Some 
proteins are inadequate due to the fact that they do not contain 
all the amino-acids necessary for the life, growth and normal 
physiological development of animals. However, it has been 
shown by McCollum (20) that the milk proteins are adequate, 
that is, they will in the presence of a sufficiency of non-protein and 
inorganic nutrients, support life, promote growth, and foster all 
normal physiological functions. 

The ash is another feed constituent which, though present in 
sufficient quantities, may not be qualitatively suited to the re¬ 
quirements of the animal, but it has been proved by Osborne and 


TABLE 29 

Aver'age composition of milh (SI) 


CONSTITIIRNT 

PERCENT 

Water. 

87.17 

Fat. 

3.69 

Casein. 

3.02 

Albumen. 

0.53 

Sugar. 

4.88 

Ash..... 

0,71 



Mendel (28) that the ash of milk satisfactorily meets the demands 
of the young growing animal, providing in the proper proportions 
all of the inorganic constituents needed for the proper functioning 
of the animal body. 

Another factor recognized as limiting the nutritive value of 
feeds is the presence or absence of the vitamines, fat-soluble A, 
water-soluble B and water-soluble C. The fact that fat-soluble 
A is present in abundance in milk has been proved many times 
as can be seen from the compilations of Blunt and Wang (10), 
(17). Milk is not too rich in water-soluble B, according to 
Osborne, Mendel, Ferry and Wakeraan (29) but there should have 
been sufficient of it supplied, according to McCollum, Simmonds 
and Pitz (27), to satisfy the experimental animals. It is perhaps 
true, however, that insufficient amounts of water-soluble C were 
present according to Chick, Hume, Skelton and Smith (18), (19). 
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Thus far only work conducted with laboratory animals has 
been mentioned as this leads up to and helps to explain some of 
the results obtained on using rations from limited sowces with 
farm livestock. In addition to its chemical character a ration 
must be of the proper physical nature before it supplies the needs 
of farm livestock. 

In only a few instances have records been obtained of nuni- 
nants being fed for any considerable time on rations consisting 
entirely of feeds of the same physical character, but Sanborn (30) 
reports that in the case of both sheep and cattle fed on grain the 
stomachs weighed less than normal and this W'as most noticeable 
in the case of the rumen—the stomach compartment especially 
adapted for the handling of bulky material. Davenport (20) 
found that calves could not be raised on a ration consisting of 
milk alone or grain alone and he also noticed that as a rule no 
digestive disturbances accompanied such a ration. 

Work of McCollum, reported by Henry (21), apparently 
showed that a sow pig was able to reach maturity and reproduce 
normally when fed milk alone. 

EXPERIMENTAL WORK 

In the w’^ork reported here, two bull calves were used and they 
were fed on mUk alone from birth until the time of their death. 
The animals are described in table 30. 

Both calves were allowed to remain with their dams for a few’ 
days after birth and w’ere then put on a whole milk ration. The 
amount of milk fed was limited to what the calves seemed able to 
handle satisfactorily and though they might possibly have be¬ 
come accustomed to larger quantities, it was deemed advisable 
to keep their consumption of milk comparable to that of other 
animals of similar weight in the herd and thus prevent digestive 
troubles as far as possible. 

No roughage, grain or water was offered to either of the calves, 
and at first no salt was given, but from the time calf 355 was 
70 days old, a salt roll was kept in front of him at all times and 
the same treatment was given calf 366 from the time he w^as 30 
days old. 
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The calves were kept in a pen bedded at first with shavings and 
later with sand, as they showed a tendency to eat the shavings. 
Their feed consumption by 10-day periods is given in table 31. 

TABLE 30 
Animals used 



CALP NOMBKR 

35r> 

366 

Breeding. 

Grade Jersey 

G5 

Grade Holstein 
12-17-lG 

90 

Date of birth. 

Birth weight, pounds.. 



TABLE 31 

Feed consumption hy ten-day periods 


PERIOD NUMBER 

CALF 365 

CALF 366 

Milk 

Salt 

Milk 

Salt 


poutida 

pounds 

pounds 

pounds 

1 

36 


90 


2 

00 


90 


3 

90 


90 


4 

90 


90 

0.04 

5 

128 


111 

0.05 

G 

120 


129 

0.06 

7 

120 


150 

0.04 

8 

126 

0.32 

150 

0.03 

9 

146 

0.25 

150 

0.11 

10 

150 

0.17 

150 

0.21 

11 

150 

0.05 

150 

0.10 

12 

150 

0.02 

150 

0.03 

13 

150 

0.04 

150 

0.04 

14 

150 

O.OG 

150 

0.03 

15 

141 

0.05 

150 

0.03 

16 

120 

0.03 

150 

0.02 

17 

120 

0.07 

174 

0.03 

18 

120 

0.18 

108 

0.03 

19 

123 ! 

0.17 



20 

142 1 

0.02 



21 

99 1 

0.03 




In the first 10-day period calf 355 sucked for 6 days and no. 
366 for 3 days. The last period for no. 355 contains only 8 
days and that for no. 366 only 6 days, as no. 355 died when 208 
days old, and no. 366, at the age of 176 days. 
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It will be noted that up until he was about 100 days old, no. 
355 had an increasing; capacity for milk, but from that time the 
appetite remained regular for a little over a month and then 
declined, though there was an increase in milk consumption for 
a week or so before death. In the case of no. 360, maximum 
capacity was reached earlier and remained constant until about 
the same length of time before death, when it again increased. 

The animal, no. 355, that received no salt until 70 days old, 
showed an enormous appetite for salt during the first 30 days in 
which it was available. From this time on his salt consumption 
decreased and with the exception of a short time between the 
ages of 170 and 190 days it did not again reach a marked elevation 
during the experiment. Calf 366 received salt earlier in his life 
and did not at any time have such an excessive consumption, 
though between the ages of 80 to 110 days his consumption of 
salt was large. 

There were no marked digestive disturbances, except in the 
case of calf 366, which w^as bloated for a few days before death, 
the bowels of the animals being usually laxative, though not 
noticeably so. The feces were rather foul smelling. The cah es 
showed by their actions that their rations were not entirely com¬ 
plete. They ate to a slight extent the shavings that were at 
first used as bedding, gnawed the wood in the walls of the pen, 
and licked the hair from each other. These substances, however, 
were not consumed in amounts sufficient to cause very noticeable 
digestive derangements. 

Records of the live "weights and body measurements of the 
calves obtained every 30 days are given in table 32. The live 
weights given are the averages for three successive daily w^eigh- 
ings. The body measurements taken were height at withers, 
depth of chest and width at hooks. For the sake of comparison, 
the measurements of the heifer calves in the herd fed normal ra¬ 
tions are given. Difference in sex will not have much influence 
on these figures for comparative purposes owing to the sexual 
immaturity of the animals and also 'to the fact that calf 355 
was castrated when 22 days old. 

It can be seen that the experimental animals grew fairly well 
until they were two to three months of age, but from this time on 
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they did not thrive. They continued to gain slowlj'^ in weight 
for another 30 days, after which their live weights decreased 
gradually until the time of death. The body measurements 
appeared to increase about normally until the time the live 
weight increase ceased to be rajiid and from this time on the 
measurements changed only slightly -in fact they were almost 
constant. A greater increase in height than is shown by the 
figures probably did occur, but owing to the fact that the animals 
began to go down on their pasterns about the time the live 
weight ceased to increase, the true height could not be accurately 
measured. 


TABLE 32 


Live weights and body measurements 



(’aU’355 

r.\LF 366 

AVKBAGE FOR 40 HF.TFKRH 

AQ£ 

Xi 

4-i 


x 


X 

X 

1 X 

X 

■*» 

X 

X 





(X 




a 



.5? 

a 



> 


s 



0. 

o 

G 


tt 

K 

& 


days 

pounds 

tiifhes 

'itu'hi s 

inchfs 

pouiid.s 

t tutus 

ituhes 

inches 

pounds 

inthb 

inches 

inikfs 

Birth 

05 




00 




i\7 




30 

70 

20.0 

12.0 

7.1 

103 

28 0 

14.3 

7.5 

00 1 

28.7 

11.4 

i\.7 

(iO 

107 

31 1 

13.0 

7 5 

139 

30.3 

14 3 

7.0 

120 

30.7 

12.8 

7.5 

00 

132 

32.3 

13.S 

7.9 

165 

32.7 

14.7 

8.7 

163 

32.9 

14.2 

8.5 

120 

145 

33.0 ! 

15.0 

S.3 

174 

35.0 

15.7 

8.7 

211 

34.8 

15.4 

9.4 

150 

144 

35.0 

15.4 

8 3 

172 

35 4 

15 7 

9.1 

262 

36.4 

16.7 

10.2 

180 

137 

34.6 ! 

15.0 

8.3 





314 

38.4 

17.0 

11.2 


The increases in live wieght and body measurements can be 
more easily appreciated w'hon they are shown as percentages of 
the original figures, as in table 33. The increases in live weight 
from birth to the end of the last completed 30-day period in the 
case of experimental animals, and to the ages of five and 
six months in the case of the herd average, are expressed as 
percentages of the birth weights, while the body measurements 
are compared in the same way from the time the animals were 
30 days of age. 

During their lifetimes the experimental animals practically 
doubled their live weights, while during similar lengths of time 
calves normally fed attained weights more than four times as 
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great as their birth weights. Similarly the increases in body 
measurements in the case of the calves fed milk alone were much 
less than normal, except in the case of the height of calf 366, 
which was normal. Of the increases in body measurement, the 
height was the most nearly normal, while width was farthest 
from it, and as a general rule the rates of growth in the body 
measurements showed less variation from normal than did the 
rate of gain in live weight. 

In addition to the variations in weight and body measurements 
there were other abnormal symptoms which though very ap¬ 
preciable were not capable of being directly measured or deter- 


TABLE 33 

Percentage increase i?i live weight and body measurements 


CALF 

AQE 



DEPTH 

WIDTH 

Experimental: 

months 

per cent 

per cent 


per cent 

No. 355. 

6 

111 

14 


17 

No. 360. 

5 

91 

27 


21 

Herd average .| 

Percentage of normal rate of in¬ 
crease: 

6 

369 

34 

57 

67 

5 

291 

27 

47 

52 

No. 355. 

6 

30 

mm 

33 

25 

No. 366. 

5 

31 


23 



mined. The animals became very much emaciated and quite 
unthrifty in appearance. Their coats were long and staring and 
the hair fell out freely. Patches of the body became practically 
devoid of hair and sores were also apparent. As has already 
been mentioned, the animals were down on their pasterns and 
could not stand up properly and they walked with a very stiff 
gait. 

One very noticeable feature of the experiment was the occur¬ 
rence of fits. These fits were first apparent when the animals 
were between three and four months of age and continued to 
occur at frequent but irregular intervals up until about three 


















GROWTH AND NUTRITION OF DAIRY CALVES 61 

weeks before the animals died. These fits were all very similar 
and frequently started for no apparent reason and could almost 
always be induced by leading the animals around for a few 
minutes. The animal would fall down and bellow as if in pain; 
the jaws would stick open and the legs become rigid; the muscles 
became tense and hard; respiration slowed and in severe attacks 
entirely stopped. Where respiration did not stop the animals 
would recover in a few minutes, and where breathing ceased, 
artificial respiration had to be resorted to, to resuscitate the calf. 
The fits were practically identical with those of an epileptic 
nature. 

Post-mortem examinations of both calves were ntade. The 
bones of no. 355 were very flexible as if insufficient ash were 
present; the leg bones could be bent comparatively easily, -while 
the ribs had a very thin coating of hard material with a soft core. 
None of the bones were as rigid as would be expected in an ani¬ 
mal of similar age. There was one atrophied kidney (perhaps 
congenital) with hypertrophy of the other. Tlie mesenterii; 
lymph glands were much enlarged and there was an apparent 
leucemia. The rumen was of nonnal size, but the -w^alls were 
evidently atonic, due apparentlj'^ to a development of lymphoid 
tissue. The omasum was smaller than would be expected, 
though the two remaining compartments of the stomach ap¬ 
peared to be normal. The contents of the rumen resembled thin 
cottage cheese mixed with hair. 

The bones of calf 366 appeared to be in fairly good condition, 
though one or two of the ribs might previously have been broken 
and healed. The mesenteric lymph glands were enlarged and 
both kidneys were in bad condition with cysts. All the stomach 
compartments were of about normal size, but there were streaks 
of dark brown or black pigment on the inner wall of the aboma¬ 
sum. The contents of the rumen were similar to those in the case 
of calf 355. 


DISCUSSION OF RESULTS 


Whole milk, though apparently giving good results until the 
animals are about three months old, very probably cannot be 
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relied on as the sole ration for calves of greater age. Its inability 
to properly nourish older calves may be due to one or more of a 
number of factors. 

Cattle and other ruminants begin to consume roughages at 
a^early age and the lack of roughage may consequently give an 
explanation of the results obtained in this work. In addition 
the quantity and quality of the nutrients supplied may be of 
importance as well as the supply of nutriefits. 

In table 34 are given the requirements of young growing dairy 
calves according to the modified Wolff-Lehmann feeding standard 
as outlined by Henry and Morrison (22). 

From the data supplied the nutrients required by, and actually 
supplied to the experimental calves have been calculated. In 
this table the animals have been taken together rather than 


TABLE M 

Nutrients required dailfj hij young growing calves per 1000 pounds live weight 




DIGKSTIBLK NITTBIENTS 

WEinilT 

DRV MATTKR 



Crude protein 

Total 

pour tils 

IHtunds 

pounds 

pounds 

150 

'^3 

4.0 

22.0 

300 

24 

3.0 

18.3 

500 

27 

2.0 

15.8 


individually and the milk consumption is taken for all 30-day 
periods which were completed. It was assumed that the daily 
milk consumption of the calves while sucking was the same as 
in the succeeding days of the first 10-day period. 

The actual surplus or deficit of nutrients supplied will be more 
valuable for comparative purposes and this is obtained by sum¬ 
marizing the data just presented. 

Considerable variations are noticeable in the amounts of the 
nutrients supplied but the importance of these variations is 
perhaps best demonstrated when the oversupply or deficiency is 
expressed as a percentage of the actual amount required by the 
calves. 

It is evident that from the beginning the calves were not re¬ 
ceiving sufficient dry matter tn their rations. The average 
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amount of dry matter supplied in the first 30 days was 33 per cent 
below that required by the animals and this deficiency con¬ 
tinued to become greater until in the fifth 30-day period it 
amounted to 60 per cent. 

During the first two 30-day periods the calves receive(J^ suffi¬ 
cient digestible crude protein and total digestible nutrients but 
from then on these constituents were deficient in the rations 
but never to such a great extent as was the drj' matter. The 
calves were being given all the milk they could handle but were 
supplied with no bulky feed to supply them with the extra dry 
matter needed. The lack of this dry matter, which would have 
provided additional bulk, impaired the digestive powers of the 
animals and rendered them unable to handle sufficient milk to 
provide all the digestible nutrhmts they required. This in turn 
led to poor growth and development. 

The digestive tract of a ruminant is large and capacious and 
before digestion can be normal, bulky feeds must be present to 
distend the digestive organs, stimulate peristalsis, separate the 
particles of more concentrated feeds and so allow of their being 
properly mixed with and acted on bj’^ the digestive fluids. ^lilk, 
being highly digestible and free from fibrous material, is not a 
“bulky” feed, though its nutrients are present in a rather large 
volume of water, and so it cannot, when fed alone, induce the 
digestive system of older ruminants to function properly, though 
it is quite efficient with young calves, as in their case the rumen 
is relatively smaller in comparison with the rest of the digestive 
tract than it becomes ultimately. 

Where digestion is retarded or hindered, as would occur when 
the digestive system became atonic due to the absence of rough- 
age, the materials not completely acted on by the digestive 
juices would remain in the alimentary canal and undergo putre¬ 
factive changes. The products of such putrefaction are toxic 
and when absorbed from the alimentary canal can produce auto¬ 
intoxication, with symptoms similar to those found with the 
experimental animals in this case. 

Another fact worthy of note is that these calves were at times, 
when averaging about 150 pounds in live weight, consuming over 
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half as much salt per day as would a 1000-pound animal. It has 
been found at this station that normally fed calves of similar 
weight will consume about 0.01 pounds of salt per day, while the 
experimental animals consumed as much as 0.03 pounds per day. 

This excessive salt consumption may have been an attempt to 
correct digestive disturbances, or it may have been caused by 
other physiological demands, or it may simply have been due to 
to the calves forming a pernicious habit. 

That sodium chloride can produce tetanic convulsions such as 
were evident in the case of the experimental calves has been shown 
on several occasions. Loeb (23) demonstrated the contractions 
and final tetanus of muscles in contact with certain salt solutions 


TABT.E a’> 

Nutrients required by and supplied to calves 


AGK 

AVERAGE 

LIVE 

WEIGHT 

MILK 

SUPPLIED 

NUTRIENTS SUPPLIED 

NcnrniENTs required 

Dry 

matter 

Digestible 

Dry 

matter 

Digestible 

Crude 

protein 

Total 

Crude 

protein 

Total 

days 

paunds 

pounds 

pounds 

pounds 

pounds 

pounds 

juninds 

pounds 

1-^30 

168 

579 

79 

19 

104 

116 

19 

■9 

31-60 

213 

668 ! 

91 

22 

120 

150 

23 

mm 

Gl-90 

272 

842 

115 

28 

151 

195 

26 

149 

01-120 

309 


122 

30 ’ 

161 

223 

27 

169 

121-150 

318 

873 

119 

29 

166 

228 

28 

173 


and he later (24) showed that solutions of common salt could 
cause rhythmical twitchings and an increase in the irritability of 
muscles and nerves. This is due to an increase in the concentra¬ 
tion of sodium ions and can be counteracted by the addition of 
calcium salts. It has also been pointed out by MacCallum (25) 
that intravenous injections of solutions of sodium chloride in¬ 
crease peristalsis. There is a possibility, therefore, that the fits 
to which the experimental calves were subject may have been 
due in some way to excessive salt consumption. 

It has been pointed out previously that the vitamines, water- 
soluble B and water-soluble C may not be present in milk in suffi¬ 
cient amounts for the continued well being of the experimental 
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animals. Further work is needed to determine whether each or 
all of these factors mentioned here were responsible for the un¬ 
thriftiness, mal-nutrution and ultimate death of the animals used 
in this work. 

TABLE 36 


Excess of nntrients supplied to calves 



1 

1 maESTIBLE NUTRIENTS 

AGE 

DRY MATTER 



Crude protein 

Total 

days 1 

pounds 

pounds 

pounds 

1-30 

-37 

0 

5 

31-60 

-59 

1 

13 

()l-00 

-80 

-2 

-2 

91-120 

-101 

-3 

-8 

121-160 

-147 

-1 

-7 


TABLE 37 


Excess of nutrients supplied to calves expressed as a percentage of the requirements 


1 

1 

AC.E i 

URT MATTER 

DIGESTIBLE 

Crude protein 

NUTRIENTS 

Total 

days 

per rrnt 

per cent 

per cent 

1-30 

-33 

0 

5 

31-00 

-39 

4 

10 

01-90 

-41 

-S 

-1 

91-120 

-45 

-11 

-6 

121-150 

-60 

-1 

-4 


SUMMARY 

From the evidence obtained in this work the following factors 
may be looked on as possible causes of milk being unable to supply 
all the nutritional wants of calves after they are a few weeks old. 

1. The lack of bulk may arrest the development of the alimen¬ 
tary tract and prevent the proper digestion of the nutrients 
supplied by the milk. 

2. Excessive consumption of salt, due to depraved appetite, 
or to an attempt on the part of the calves to correct nutritive 
disturbances, may have led to some of the disturbances noted. 
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3. The vitamines, water-soluble B and water-soluble C, may 
have been present in insufficient amounts and this may have 
induced the death of the calves. 
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ANNUAL MEETING OF THE AMERICAN DAIRY 
SCTENCE ASSOCIATION 

GENEJUL SESSION 

The seventeenth annual meeting of the American Dairy Science 
Association was held October 10, 1922, at the University Farm, 
St. Paul, Minn. President Eckles in his informal opening address 
urged greater support of the Journal of Dairy Science, which 
is being carried by the publishing company at an annual loss, 
and the necessity of the Association securing an affiliation with 
the National Research (^ouncil. C. C. Thomas of Williams & 
Wilkins Company, ])ublishers, emphasized the need of stronger 
support for the Journal. 

committee reports 

The report of the Joint (’ommittee of the International Milk 
Dealers’ Association and Agricultural College representatives was 
given by A. A. Borland, ('rhis report is published in detail on 
page 75.) 

Report of Program Committee for World’s Daily Congress, 
L. A. Rogers, chairman. 

Report of Editorial Board, J. H. Frandsen. (Report in detail 
on page 77.) 

Dr. Eckles was made the fourth member of the committee on 
affiliation with the National Research Council, upon motion made 
by Dr. Breed, chairman of the conunittee. 

The reiiort of the Membership Committee was given by 
J. A. Gamble. 

A. A. Borland read a paper on “Extension Activities and 
Their Relation to the College and Experiment Station.’’ Pro¬ 
fessor 0. E. Reed led the discussion that followed. 

Officers for 1923, elected on the December ballot, are: Presi¬ 
dent, A. A. Borland, State College, Pa.; vice-president, O. E. 
Reed, East Lansing, Michigan. 

«7 
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ANNUAL BANQUET 

Nearly 300 were present at the annual banquet of the Ameri¬ 
can Dairy Science Association, held at the Dairy Exposition 
ground at St. Paul. A. A. Borland of Pennsylvania, vice- 
president of the Association, was toast-master. R. A. Pearson, 
president of Iowa State College, was the principal speaker. 

students’ national contest in judging dairy cattle 

The results of the Fourteenth Students’ National Contest 
in Judging Dairy Cattle, held at the National Dairy Show on the 
Minnesota State Fair Grounds, October 9, 1922, were an¬ 
nounced at the banquet by W. W. Swett, superintendent of the 
contest. North Dakota won first place for the best teamwork 
in judging all breeds; Oregon, second; low'a, third. The North 
Dakota Agricultural College, therefore, was awarded the National 
Dairj'- Association and the Hoard’s Dairyman cups, both of 
which w'ere new and given to replace the two sweepstakes cups 
permanently awarded to Kansas State Agricultural College in 
1921 on the basis of that institution winning them three suc¬ 
cessive years. Oregon Agricultural College, second, was given 
the Wyandotte cup offered by the J. B. Ford Company. 

Teams from twenty colleges or universities, representing the 
following states, participated: Illinois, Indiana, Iowa, Kansas, 
Kentucky, Massachusetts, Alichigan, Miimesota, Missouri, Ne¬ 
braska, Now Hampshire, New Jersey, New York, North Dakota, 
Ohio, Oregon, Tennessee, Texas, West Virginia, and Wisconsin. 

The National Dairy Association’s medals, sweepstakes, for 
the best individual work in judging all breeds were awarded the 
following men: OUver K. Beals, Oregon, gold; Harper J. Brash, 
North Dakota, silver; A. H. Jessup, Indiana, bronze. 

The official judges on placing were W. S. Moscrip, Minnesota, 
for Holstein classes; J. A. McLean, Chicago, for Jersey classes; 
J. B. Robertson, Maryland, for Guernsey classes; and L. S. 
Gillette, Iowa, for Ayrshire classes. • 

The Students’ National Contest in Judging Dairy Cattle has 
been held regularly for fourteen years and has been sponsored 
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not only by the American Dairy Science Association but by the 
National Daily Association and the various breed organizations. 
It is believed that the work has been instrumental in unifying the 
instruction in dairy cattle judging in the colleges throughout the 
United States. The contest was under the supervision of the 
Dairy Division, Ilureau of Animal Industry, United States 
Department of Agriculture. 

(Signed) J. B. Fitch. 

PROCEKDlN(;S OF SECTION I, DAIRY PRODUCTION 

Meeting was called to order by Vice-Chairman A. t-. Ragsdale 
in the absence of Chaimian Regan. 

Report of committee on methods of conducting students’ 
judging contests was given by W. W. Swett, chairman. (This 
report is given in full on page 79.) The section^ went on record 
as discouraging any institution from taking an excessive amount 
of time from the college in preparation for contests. The sec¬ 
tion also recommended to the committee in charge that it arrange 
to have an associate college judge work with the breed judge 
next year. 

The report of tlie committee on dairy cattle score card, 
given by J. R. Rice, was approved and the score card accepted 
and adopted as presented by the committee. (This report 
together with score card is given in full on page 80.) 

The suggestion of JMr. Hayden that more scientific papers be 
presented and less routine matter discussed at annual meetings 
was discussed at some length. 

Two papers were jiresented (printed elsewhere in this issue): 
"The Relation of Pigmentations to Fat Production in Daily 
Cattle,” by Dr. Palmer of Minnesota; “Mineral Requirement of 
Dairy Cattle, ” by Dr. Meigs of the United States Department 
of Agriculture, read by JMr. Davis. 

Officers elected were: Chairman, O. E. Reed, Michigan; vice- 
chairman, W. W. Yapp, Illinois; secretary, A. P. Rayburn, 
Minnesota. 

(Signed) H. 0. Henderson, 
Temporary Secretary. 
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PKOCEEDINGS OF SECTION II, DAIRY MANUFACTURES 

Session was called to order by Dr. L. A. Rogers, chairman, in 
Dairy Hall, University Farm, Minnesota. Forty-five were 
present at the call to order. 

Report of the committee on score cards and standards 

The report of the committee on score cards and legal standards 
was given by J. H. Frandsen, chairman. It included the follow¬ 
ing suggestions: 

1. That the score card for whole milk be (hanged as follows: The 
points allowed for acidity to be eliminated and added to the points 
allowed for flavor. 

2. That the score card for condemsed and evaporated milk be changed 
by having the points allowed for body and texture and bacterial count 
increased, and the points allowed for fat and flavor decreased. 

The section passed a motion that uniform rules should be used 
in all contests in which students take part this year. 

On motion the duties of a committee on bacterial methods were 
added to those of the committee on official methods for testing 
milk and cream. 

The new issue of methods of the American Bacteriological 
Society, including chemical methods for examining dairy prod¬ 
ucts, and the report of the committee on standard methods 
were approved. The committee on .standard methods, of 
which Professor Hunziker is chairman, will be continued and 
will take up the matter of differences of opinion between the 
American Dairy Science Association’s standard methods and 
those published by the United States Bureau of Standards. 

After considerable discussion Professor Stocking’s motion that 
the committee on standard methods should include in its work 
the determination of a standard method for milk solids not fat 
determination was carried. 

The utilization of by-products was the general topic of the 
symposium which formed the program. The following papers 
(published in this issue or to be published later in The Journal 
of Dairy Science) were given: 
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‘‘Utilization of Skim Milk by the Manufacture of Milk Pow¬ 
der,” CX E. Grey, president of California Central Creameries. 

“Utilization of Buttermilk for Hog and Poultry Feeding,” 
O. F. Hunziker, manager of manufacturing department of Blue 
Valley Creamerj’^ Company. 

“Utilization of Whey,” A. C. Weimer, dairy manufacturing 
specialist. United States Department of Agriculture. 

The following officers were chosen for 1923; Chairman, H. A. 
Ruehe, Illinois; secretary, J. R. Keithley, Minnesota. 

(Signed) H. A. Ruehe, 
Secretary. 

PHO(!EEDING.S OF SECTION HI, DAIRY EXTENSION 

The Dairy Extension Section met in Dairy Hall, University 
Farm, St. Paul, Minnesota, 1:30 p.m., October 10,1922. 

Meeting was c.alled to order by Chairman E. M. Harmon of the 
University of Missouri, (’olumbia, Missouri. 

C. R. Gearhart, chairman of the committee on standardiza¬ 
tion of Cow Testing Association work, Manhattan, Kansas, 
gave a detailed outline of the work done by the committee in 
standardizing cow testing work. Mr. Gearhart stated that four 
state institutions have given credit toward graduation where a 
tester took up Cow Testing Assoination work. Two states have 
adopted the Register of l^roduction jdan of recording cows that 
have made more than 30.') pounds of butterfat. The committee 
recommended a shorter constitution and by-laws furnished by 
the United States Dairy Division. When voted upon by the 
assemblage at this meeting, it was unanimously recommended 
that the new constitution and by-laws be adopted, and there were 
several changes made in the contract for membership agreement. 
It was finally agreed upon that two copies should be made of each 
contract Avhich the members are signing. IVelve members 
voted for the check system to be adopted, while eight members 
voted against it. The committee’s recommendations on rules 
and changes in the herd record book, and the details on recom¬ 
mendations for the new bulletin by Mr. J. C. McDowell, of the 
Dairy Division, were adopted. 
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A report was made by Mr. F. A. Buchanan, chairman of the 
Calf Club Association Committee. The states most active in 
calf club work are New Jersey, Nebraska, West Virginia and 
Missouri. 

Mr. O. E. Reed of Lansing, Vlichigan, gave a splendid talk on 
the work that has been done along dairy improvement lines in 
the state of Michigan. He urged holding more of our group and 
community meetings directly on the farm and not in a town hall. 
Mr. Reed stated that invariably more of the real thoughts which 
the farmer should get were driven home more strongly on the farm 
than would be in a meeting held in a city. 

]VIr. L. W. Morley, chairman of dairy products committee, 
State College of Pennsylvania, gave a brief talk on the handling 
of butter, cheese and cream in the various states throughout 
the United States. 

Mr. C. S. Rhodes of Urbana, Illinois, gave a report on Co¬ 
ordinating Extension Work with that of the resident dei>art- 
ments, the state leaders and the county agents. 

IMiss Jessie Hoover, chairman of committee on milk cam¬ 
paigns, emphasized the marked increase in the consumption of 
milk and dairy products after a milk campaign had been success¬ 
fully conducted. She stated that in INladison, Wisconsin, there 
was a 35 per cent increased consumption in milk alone in the 
course of one year. 

A. C. Baltzer, chairman of bull association committee, gave 
an outline on the successful organizing and supervising of bull 
associations. 

M. H. Keeney, New Brunswick, New Jersey, spoke on “How 
Can We Make of the Individual Cow Testing Association Member 
a Demonstration for His Whole Community. ” 

A resolution was sent to Mr. George, thanking him for his ser¬ 
vices as secretarjA 

The following officers were elected for 1923: Chairman, E. M. 
Hannon, Columbia, Mo.; vice-chairman, i\I. N. Lauritson, Lin¬ 
coln, Nebr.; secretary-treasurer, A. J. Cramer, Madison, Wis. 
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PROCEEDINGS OF SECTION IV, OFFICIAL TESTING 

The following is a suimiiary of the proceedings of the official 
CV)w Testing Section of the American Dairy Science Association, 
which met October 11, 1922, at St. Paul. The session was 
called to order by ('hainuan H. P. Davis. Roy 'P. Harris was 
secretary. 

The data concerning the importance of the preliminary milking 
was reviewed and summarized by Piofessor Borland of Pennsyl¬ 
vania. The work at Nebra.ska, Kansas, New Jersey and Penn¬ 
sylvania contributed to the following conclusions of the con¬ 
ference, viz.: Leaving milk in the udder may result in (a) a higher 
milk yield during the two-day period; fb) a higher fat yield 
during the two-day period; (c) a higher test, during the two-<lay 
period; and (d) would help to conceal padding of milk sheets. 
These conclusions were concurred in by officers of the yVmen'can 
Jersey C’attle C’lub and the Holstein-Fricsian Association and by 
Jersey breiulers present. It was also pointed out that the pre¬ 
liminary milking fixes the hour of the first milking so that pad¬ 
ding of milk lecords cannot be concealed by extending the milking 
period. It was voted unanimously that the preliminary milking 
should be retained if a satisfactor\' .sulistitute could not be found. 

Professor Colman’s sub-committee report and the report of 
Mr. Baker of the .\mcrican Jersey Cattle Club were then (jou- 
sidered wherein tlu; first, secoinl, third and fourth milkings were 
compared with the corresponding millcings. It ivas agined that 
the vai’iatiou was so gi eat that in tlie jiresent light no standard 
could be set which would surely indicate deliberate attempt at 
fraud. 

The preliminary milking should therefore be enforced with all 
breeds until amended by the American Dairy Science Association. 
The uniform blanks which are being prepared and which should 
be in use by Februaiy 1 provide a space in which to enter the 
weight and test of the preliminary milking. This will not be in¬ 
cluded in the totals and averages, but will serve for comparison 
with the other tests and as a check on the supervisor. All agreed 
that this was desirable and Mr. Gardner of the Holstein-Friesian 
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Association especially emphasized this point. The Jersey, 
Guernsey, Ayrshire, Holstein and Shorthorn Associations have 
adopted this uniform blank. No others have as yet ordered a 
supply. 

The American Jersey Cattle Club representatives then asked 
for an opinion of a one-day test compared to the two-day test. 
This had been considered by the committee through a suggestion of 
Professor Erf of Ohio, who believes that a test period should be of 
short duration to prevent manipulation of the cow, and was 
objected to on the grounds that new steps should be taken only 
when sufficient information is available to justify changes in 
methods. The committee desires information on this subject and 
believes it to be a problem worthy of study by as many states as 
possible within the next year. 

The Committee recommended the amending of Rule 9 by 
omitting “by jiouring from one pail to another at least twice,” 
which was adopted. In the same jule an amendment to read 
“in warm weather samples kept over night should be kept in a 
cool place or preservatives should be added to each sample” 
was also adopted. 

The matter of collecting by Breed Association has thus far 
been blocked by three .'\ssociations which feel that they are not 
in a position to undertake it. Some breed officials do not 
approve of the plan in principle. The committee hopes through 
Mr. Munn of the American Jersey ('attle Club, who has been 
instructed by his directors, to get a uniform guarantee plan in 
operation in all of the Associations at once. 

In all, the committee and sub-committee reports for the year 
and the proceedings of the St. Paul meeting, cover sixty-one 
tj'jie-written pages. Some of the general recommendations 
follow: 

1. That each state accept the rules and plans as finally adopted 
at the conference and put the plan into operation January 1,1923, 
or earlier. (Due to the delay, February 1 would now be a reason¬ 
able date.) There may be some real objections to the present 
rules and some will have to give up' a few “pet ideas,” but we 
believe the rules adopted by the Official Testing Section should 
prevail in all states. 
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2. That any modification or addition to these rules should be 
duly presented to this committee which in turn will present them 
to the general body at the annual meeting and that these rules 
should always be regarded as a minimum standard in conducting 
tests. It is only by this plan that we can keep the work on a 
high plane, command the unwavering support of the Breed 
Associations in this work, and develop uniformity of procedure 
among the Associations themselves. 

3. That the rules as adopted by the American Dairy Science 
Association should be placed in the hands of the supervisors and 
breeders in each state Iw the superintendent of Advanced 
Registry of each state. 

4. That the state superintendents and their assistants should 
show due consideration for the breetl association officers and 
endeavor neither t o write nor speak to breeders in such manner 
as to bring embarrassment to the officers, except where the 
matter has been givT'n due consideration. 

5. That superintendents conducting retests hav<; the authority 
to go beyond the rules if deemed necessary to safeguard the 
records. 

Mr. Bakei- of the American Jersey Cattle Club suggested the 
desirability of a uniform plan where state superintendents make 
monthly progress reports of high yielding cows. A number of 
these reports reach his office, each of which has its own pattern. 
Tin* appended blanks are offered by the committee for presenting 
the principal data in making these reports. 

The following were elected officers of the section for 1923: 
Chairman, Roy T. Harris, Wisconsin; secretary, G. C. White, 
Connecticut. 

REPORTS or COMMITTEES 

Recomynendaiiom of a joint conference of the committee on agri¬ 
cultural colleges of the International Milk Dealers Association 
and representatives of the dairy departments of the agricultural 
colleges on the problems of training men fur milk plant work 

Held at the Curtis Hotel, Minneapolis, Minn., October 8, 1922. 
It is the desire of the Agricultural Colleges to be of greatest 
service to the Market Milk Industry. It is believed that tliis 



70 


ANNUAL MiSETING 


service lies along two general lines,—that of solving industrial 
problems and that of training men. 

We also feel that more attention should be given by the Agri¬ 
cultural Colleges to the problems of the milk dealers. In accom¬ 
plishing these ends the Agricultural Colleges desire the closest 
cooperation with the milk dealers so that the problems of both 
may be mutually understood. 

The present suggestions are concerned with the development of 
men prepared to grow into the broader responsibilities of the 
business rather than the training of routine workers. 

The aim of this training is to lay a foundation on a thorough 
knowledge of the fundamental sciences together with training 
in their application to the Market Milk Industry. 

Such men should rapidly grasp the details of coimnercial 
problems and operations as they occur in the milk plants. 

It seems to us that it is the duty of the milk plants to develop 
these technically trained young men into real milk plant experts. 

The course of study which will best fit men for responsible 
positions in milk plants should include a thorough training in the 
fundamental sciences coupled with as much applied work as the 
student’s time will permit. 

The fundamental sciences should include Chemistry, Physics, 
and Bacteriology, each to be followed by courses making clear 
their application to the Market Milk Industry. 

The applied courses should include work in Market Mdk, 
Butter, Cheese (including fancy cheeses). Ice Cream, Condensed 
Mnk, Powdered Milk, Dairy By-Products and Dairy Machinery. 

The instructions in these courses should be directed toward 
showing the application of science to these subjects aS' well as 
developing manual skill. 

Special attention should be given to the subject of economics. 
The work in this field should likewise include training in both 
the fundamentals and their application to dairy problems. 

During the Senior year there should be a course in Milk Plant 
Management which should bring together and coordinate the 
previous teaching in the scientific and applied courses. 

We feel that the milk companies can render valuable assistance 
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in the better development of good men by making it possible for 
students to get experience in milk plants during the summer 
months. 

Report of Editorial Board. J. H. Frundscn, Editor 

Field of the Journal of Dairy Science. A score of trade journals 
in the field now, covering practically everj'^ phase of dairy activ¬ 
ities from milk production to the making of ice cream, furnish 
dairy information in popular language particularly adapted to 
the producer and manufacturer of the many and varied dairy 
products. 

However, until the appearance of the Journal of Dairy 
Science there was no medium open for the publication of tech¬ 
nical and valuable scientific dairy papers except in edndensed or 
in popular version. 

It was to pi'ovide a vehicle for disseminating such scientific 
dairy data, as well as to jirovidc a permanent record of such 
material easily available to students and investigators, that this 
Journal was created. In this particular field the Journal has no 
competitors and has been welcomed by teachers, investigators, 
law enforciement. officials, inoduccj's, jirogressive manufacturers 
and editors of trade publications. 

Since by common consent it has this splendid field all its own. 
the editorial board feels that it. would be a serious mistake to 
attempt to cover any of the work now so well taken care of by 
the Trade Journals. Since the Journal is the medium for the 
publication of essential scientific data, there is obviously (wa'ry 
reason why it should not give space to long cditorials^—mere 
opinions of the editor or edit.orial board. As a matter of fact the 
editorial page of even our daily newspapers is fast losing its 
former place of influence, and one of our leading journalists even 
predicts that in the near future this page will be (mtirel}' elim¬ 
inated from our modern newspaper. 

For these reasons the editorial board feels that the Journal op 
Dairy Science can render the best service to the Dairj' Industry 
of America and is making no mistake by continuing its present pol¬ 
icy of being preeminently a scientific publication. However, the 
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Journal is yet in its childhood, and most of its development lies 
in the future. With a view to assist the prospective contributor 
the editorial boaid has deemed it desirable to issue the following 
statement of policy. 

SUftemenl of policy adopted by editors of Journal of Dairy Science, 
October, W22. Since at the present time a larger number of 
manuscripts are .submitted for publication in the Journal of 
Dairy Science than the limited available space in the Journal 
will accommodate, the editors have been obliged to adopt certain 
limitations in accepting papers for publication. Henceforth, it 
will be the policy of the editors: 

1. To accept only in rare instances papers containing more than 
twenty (20) pages of material, double-spaced, standard letter- 
size, including tables, cuts and drawings. 

2. To accept only such jiapers as have a direct bearing on 
dairy problems. 

3. To exercise a more rigid culling of papers for publication 
from the standpoint of both subject matter and quality. 

4. As a rule manuscripts that have appeared in other publica¬ 
tions will not be used in the Journal of Dairy Science. 

Suggestions to authors. Contributors are urged to cooperate 
with the editors bj'^ observing the following mles: 

1. Make papers as brief as possible, without sacrificing com¬ 
pleteness or accuracy. 

2. Omit unnecessary jilates and diagrams. 

3. Do not pre.sent the same data by both tables and graphs. 
Use only the one that will present the results more effectively. 

4. In case of duplicate determinations in tables, give only 
averages. 

5. Avoid long historical reviews. Include only such references 
as have a direct bearing on the problem under study. 

6. (Submit only original type-written copy. Retain a duplicate 
copy. 
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Repoi-l of the committee on methods of condiicting student 
judging contests. W. W. Swett, chairman 

The committee on methods of conducting the Students’ 
National Contest in Judging Dairy Cattle met at the head¬ 
quarters of the National Dairy Show in C’hicago at 10:00 a.m., 
April 14, 1922. Members present were: W. W. Swett, chaii- 
man, S. C. Thompson, H. H. Kildee, E. L. Anthony, and H. H. 
Wing. J. B. Fitch and W. M. Regan w'ere unable to be present. 
Mr. Anderson from the office of the National Dairy Show, and 
J. C. AIcDowell of the Dairy Division were present to assist with 
some of the details of the work. 

Air. AIcDowell served as secretary on the request of Air. Swett. 

Suggestions from forty-five agricultural colleges regarding 
changes in contest mlcs were read. 

Air. Kildee made a motion, carried unanimously, to continue 
the one-judge system of last year. 

On request of Air. Thompson it was decided that the actual 
expense of the judges selected should, if possible, be paid out of 
Dairy Show funds. 

It was moved by Air. Kildee and seconded by Air. Anthony that 
the per cent system of grading students on placings and reasons b(i 
used instead of the ranking system this year. The motion was 
unanimously adopted. 

On motion of Professor Kildee, unanimously adopted, the 
number of student groups will be reduced from four to three. 
The purpose of the change is to facilitate student judging work 
in the ring. 

Professor Wing made a motion that no reasons should be 
required on bulls and that students should write reasons on 
cows only. It w'as carried unanimously. 

It was moved by Air. Wing, seconded by Air. Kildee, and 
unanimously passed by the committee that the same classes of 
animals should be used in this year’s contest as in that of last year. 

It was unanimously decided that the judge should decide the 
value of the various combinations used by the students in placing 
the animals of each class; that all the coaches should be pi-esent 
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when the animals of any breed are placed by the judge; that the 
judge should explain to the coaches his reasons for placing the 
animals and that he should dictate his reasons to a stenographer 
who will prepai’e a copy for each coach of the reasons committee 
of that breed, and also prepare a couple of copies to be placed on 
file among the permanent records of the contest. 

It was unanimously decided that being an alternate on a team 
of a previous year should not debar a student from taking part 
in the contest. 

Each member of the committee was given a definite bit of 
work along the line of securing additional prizes. 

The committee decided that the per cent marks should not be 
limited to multiples of five, and that 15 minutes should be 
allowed to students to judge each class of animals regardless of 
whether reasons were to be written or not. 

(Signed) J. C. McDowell, 
Secretary. 

Report of committee on dairy cattle score cards. W. M. Regan, 

chairman 

The committee endeavored to formulate a daily cow score 
card that would apply to the present day daiiy cow, that would 
be acceptable to the majority of instructors, and understood by 
dairymen and students who do not have the help of a competent 
instructor. The old card made no attempt to indicate the rela¬ 
tion between form and function. 

The committee wrote to fifty-two institutions in the United 
States and Canada asking for copies of cards and suggestions 
for revision. Reports indicated that fifteen colleges use the old 
form of card, seventeen use a card that emphasizes the relation 
between form and function, and four use both. The committee 
believes adaptation of a standard score card is not vital for 
college instruction, but does believe that it is vital for the boys 
and girls who are studying dairy cows, and who have not had 
impressed upon them the relations between form and function. 
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Score card for dairy cows 


w^ALK or i» 0 !^^rH 


I. Characteristics Indicating: Dairy Fonn: 

(A) Style and general ai)pefirance * 

20 points 

1. Head erect, tdean cut; neck 

slender, eye prominent, 
alert and pineal 

2. Hack straight and stiong; 

hips wide a[)art and 
level 

3. Rump long, wide an<l Icvad; 

thiirl wide apart and 
high; level tail setting 

4. Legs straight, bone lino 

5. General build rugged and 

large for the breed w ith- 
out coarseness; Jerseys 
050 lbs.; Chicrnseys and 
A y rail ires, 1100 llis.; 
llolsteins, 1350 lbs. 

(B) Dairy Clonforination -*15 points 

G. The cow should be clean 
cut with feminine ap¬ 
pearance; absence of 
tendency to lay on fat 

7. Shoulder, withers, vertebra, 

hips and pin bones 
prominent and free from 
fleshiness ({leriod of 
lactation to be con¬ 
sidered ) 

8. Loin wide; ribs long and 

wide apart 

9. Disposition active, with 

good nerve control 

II. Characteristics Indicating Constitution, 
Vigor and Condition—15 points 

10. Chest broad and deep with 

well sprung ribs 

11. Nostrils—large and open 

12. Condition—thrifty and vig¬ 

orous, in good flesh but 
not beefy 


PFUPLCT 

rcK (’E.vr 
CFT 

STt'DKNTH 

HCOHE 

COR- 

lUX^TKl) 

3 

4 

5 

3 

1 



5 


1 

1 

5 

4 

3 

3 

8 i 
2 

5 
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SC’ALE OF rO’NTH 

PERFECT 

SCORE 

PER CENT 
CITT 

III. Characteristics Indicating Ability to 
(/'onsuine and Digest Feeds—15 
points 

13. Muzzle large; mouth broad 

1 


14. Skin mellow, loose, medium 
thickness showing good 
circulation and secre¬ 
tion; hair soft 



15. Barrel deep, wide and long, 
well supported; ribs far 
a})art 

1 

10 


IV. Characteristics Indicating Well Devel¬ 
oped Milk Secreting Organs—^35 
points 

16. Udder: 

a. Capacity—'large in size 

7 


b. Quality—pliable, free 
from lumps 

1 

7 


c. Shape extending well 
forward and well 
up behind, level on 
door, not pendu¬ 
lous, quarters full 
and symmetrical 

6 


17, Milk veins—large, long, 
crookeil and branching; 
milk wells large and 



numerous 

7 


a. Milk veins on udder 
crooked, numerous 
and large 

3 j 


18. Teats—convenient size, uni¬ 
form and well placed 




100 



STITT) KNT8 COB- 
SCOBS HSCTBD 


Note: In case of any marked deficiency or any serious abnormality, as many 
as fifty points may be deducted from the total score of an animal. Beware of 
giving a thin beef cow as good a score as a dairy cow. 




THE RELATION BETWEEN SKIN COLOR AND FAT 
PRODUCTION IN DAIRY COWS^ 

LEROY S. PALMER 

Section of Dairy Chemietry, Division of Agricultural Biochemistry^ University of 

Minnesota^ St. Paul 

It is well established that a high yellow color in the skin 
secretion of dairy cattle is indicative of their ability to produce 
milk and butter of a high yellow color. A belief exists among 
Guernsey and Jersey breeders that yellow color in the skin secre¬ 
tions is also related to high fat production. 

Definite correlation between skin color and egg production in 
laying hens is known to exist (1). The correlation, however, is 
between high egg production and low skin color. It occurs only 
near or at the end of the laying season. 

The origin of yellow color in the skin and egg yolks of fowls, 
like the origin of yellow color in the skin and butter fat of cows, is 
the carotinoid pigments in the diet. In fowls xanthophyll 
carotinoids are chiefly involved, while in cows it is carotin itseK, 

Palmer and Kempster (2) have shown that the xanthophyll in 
the hen’s diet is deflected entirely to the ovaries during egg laying 
thus causing the skin to fade because of the removal of the supply 
of pigment for the skin which normally acts as one of the paths of 
excretion. 

If any physiological relation exists between milk fat production 
in cows and egg yolk fat production in hens it is suggested that if 
any correlation exists between skin color and fat production in 
milking cows of certain breeds, it should be between low skin 
color and high fat production. As in the case of hens, however, 
such a correlation would occur only near or at the close of lacta¬ 
tion before the cow goes dry and has an opportunity to restore the 
color lost from the skin. Hens which have stopped laying quickly 

^ Abstract of paper read before the Production Section of the American Dairy 
Science Association, St. Paul, Minnesota, October 10, 1922. 
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restore the natural yellow color to their skins on xanthophyll- 
containing foods. 

Hooper (3), who has studied the possibility of a correlation 
between high color and high fat production, could discover no 
such relation. Certain of his data, however, indicate a correlar 
tion between low color and a higher fat production such as is 
suggested. The stage of lactation at which Hooper made his 
color observations is not stated in connection with his data. 

It is proposed that those who are in a position to make observa¬ 
tion on this question collect data to determine whether the 
character of the correlation suggested actually occurs. One 
result of such a study will be to place on a more scientific basis the 
ideas which are popularly held among certain breeders as to the 
relation between skin color and fat production. 

REFERENCES 
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Genetics, ii, 30-77, 1917. 

(2) Palmer and Kempster: Jour. Biol. Chem., xxxix, 313-330, 1919. 

(3) Hooper: Kentucky Agri. Exp. Sta. Bull. 234, 159-161, 1921. 



DAIRY NOTES 


Califoknia. Wm. Regan, for three years in charge of the dairy work 
at New Jersey College of Agriculture, is now in charge of dairy pro¬ 
duction work at the University of California located at Davis, Cal. 

G. M. Dktjmm, a graduate of the Kansas State Agricultural College 
and the Iowa State College, has been appointed dairy herdsman at 
the University of California at Davis. 

Idaho. O. C. Anderson, a graduate of the Kansas State Agricul¬ 
tural College, 1921, is assistant in dairying at the University of Idaho, 
Moscow, Idaho. 

Iowa. A. C. McCandlish, for several years in charge of dairy pro¬ 
duction work at Iowa State College, has resigned Ins position and has 
returned to his home in Scotland where he hopes to establish a herd of 
Holstein-l^ricsian cattle. Earl Weaver has been promoted to the 
position made vacant by Mr. McCandlish. 

Kansas. B. M. Williams, a 1922 graduate of the University of 
Minnesota, has taken tlie position in dairy extension work at the Kan¬ 
sas State Agricultural College made vacant by W. T. Crandall. Mr. 
Crandall is extension dairyman at Cornell University. 

North Dakota. G. C. Biggar, a graduate of the North Dakota 
State College, has been appointed assistant in the dairy department 
at that institution. 

Pennsylvania. E. B. Fitts, for many years in charge of dairy 
extension work at Oregon Agricultural College, is now in charge of 
dairy extension in Pennsylvania with headquarters at State College, Pa. 

Texas. George P. Grout, for many years manager of Jean Duluth 
farm at Nickerson, Minn., has assumed his new duties as Head of the 
Dairy Department at Texas A. and M. College. 
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DAIRYING IN VERMONT IN THE 70’s AND 80’s 

J. L. HILLS 

College of Agriculture^ University of Vermont, Burlington, Vermont 
Received for publication November, 1922 

It is not known, so far as the writer is aware, when cows 
first came into Vermont. Apparently they entered New Kngland 
in 1624 at Plymouth, Mass. The State was first permanently 
settled from the south in 1755. Probably the hardy pioneers who 
came up the Connecticut Valley brought cows with them. How 
good they were can not be told, for in the old town records of 
Hadley, Mass., 30 miles south of the site of Vermont’s first 
permanent settlement, it is stated that the cows gave so little 
milk, particularly during the winter, that some of the babies 
had to be brought up on cider. Thanks to the late Governor 
Hoard and to the present Mr. Volstead “it never can happen 
again.” 

The Vermont state seal pictures a cow. It is the only state 
seal which in any way recognizes the dairy industry. Plows 
appear on thirteen state seals; sheaves of wheat on nine; sober 
Connecticut, the land of steady habits, displays upon its seal 
three grapevines; Utah, a busy beehive; and Tennessee blazons 
the word “Agriculture” across the middle of its seal. On 
Vermont’s seal only, however, is portrayed the likeness of the cow. 
She is rather blocky in form, for the wedge shape had not been 
thought of when she took her stand underneath the pine tree, 
but there she is. Tradition has it that during the Revolutionary 
War a British officer held in captivity near Burlington, etched on 
a horn the outline of Mounts Mansfield and Camel’s Hump, as 
seen from an outlook on the farm belonging to Ethan AUen of 
Ticonderoga fame, now a public park. He is said to have in¬ 
cluded in his picture a large pine tree and an old cow, both of 
them in the foreground at the time when he was at work. Tra¬ 
dition further declares that the state seal was made in the 1790’s 
from this crude etching. However, regardless of the way in 
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which bossy wandered into the picture, certainly it is meet and 
right that she should have done so; for throughout the censuses 
from 1790 to date, Vermont has led every state in the Union in 
respect to her cow population per unit of improved land. 

The writer has been unable to find anything authentic as to 
the status of dairy husbandry in Vermont during the last half 
of the eighteenth and the first two-thirds of the nineteenth 
century. There were cows in plenty and butter and cheese were 
made and sold from private dairies. There is ample testimony, 
however, as to the situation from the early seventy’s onwards. 

Vermont dairymen first fore-gathered in the fall of 1869 and 
formed the first Dairjunen’s Association in the country. Some 
twelve years ago, the Hon. Homer W. Vail of Randolph—long¬ 
time breeder of registered Jersey cattle, one time member of the 
executive committee of the American Jersey Cattle Club, still 
living, far along in years and personally in touch with Vermont 
dairying for sixty years—addressed the Vermont Dairymen’s 
Association concerning early dairying in Vermont. He said, 
touching the conditions when the first meeting was held in the 
winter of ’69-’70, that 

The old native cow reigned supreme. Very few herds of purebred 
cattle and practically few grades of the milking breeds were to be found 
in the State. Nobody had learned the value of early cut hay or the 
superior worth of clover. The only grain fed was cornmeal with some¬ 
times oat mixture. No cottonseed meal, gluten meal or oil meal were 
used and bran was frequently run into the stream as a refuse, as is saw¬ 
dust at lumber mills today. There was no general knowledge as to 
balanced rations for domestic animals. Had any scientist then ventured 
to talk to the Vermont farmers concerning microbes, protein or car¬ 
bohydrates, he would have been thought impractical if not insane. 

Butter was made from cream skinuned from milk set in small 10- 
quart pans. There were no creameries and I have been unable to find 
notice of cheese factories at that period in Vermont.* There was no 
such thing as the deep setting of milk; no use was made of large pans; 

' As a matter of fact, C. S. Baldwell established a cheese factory in West 
Pawlet, Vt., on the New York state line which continued in operation until 1921; 
and there may have been others. 
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there were no separators; there was no manufacture of dairy goods in 
a large way. There were no veterinary surgeons to advise concerning 
animal diseases, and very little general knowledge as to their cause, 
nature, symptoms or remedies. There were some cow doctors who, 
like poets, were “bom not made,” and “hom-ail” was the popular bovine 
malady. 

At its initial meeting in 1870, Mr. X. A. Willard, of Herkimer 
County, New York, the dairy editor of the Rural New Yorker, 
perhaps the outstanding dairy authority of the day in the East, 
addressed the audience. From the statements that he made may 
be culled the following: That “fat globules were enveloped in 
their shells of curd or casein;” that “miUc of an average good 
quality (contains) 3.43 per cent butter;” that “nulk varies in 
character from various causes, but chiefly in the butter and milk 
sugar, the casein showing but slight variation;” that “milk of 
the best quality and cheese of the best flavor comes only from 
good upland pastures” regardless of “what the theorists may 
say;” that odors in the air tainted milk “even before it was 
drawn;” that “small particles of milk in the corners of pails or 
open utensils when exposed to the air rapidly decompose and 
. . . . reproduce themselves;” that “when curds are exposed 

to the atmosphere the external parts become rapidly oxidized;” 
that “oats are considered to increase the quantity, barley the 
richness of the milk;” that “the Orange County buttermakers 
find (no churn) which they like so well as the old barrel dash 
churn;” (Orange County, New York was the acme of butter 
making regions in those days). 

At this 1870 meeting, statements were made by some of the 
best informed dairymen of the day, to the effect that “not over 
1 per cent of the market butter of this coimtry is strictly prime” 
and that “the average price is not over one-third of that of the 
first quality goods;” that “in many large establishments the 
ancient ladle and bowl are still the only implements used for 
working butter;” that “the processes pursued by practical 
dairymen are not sufl&cient to secure perfect separation of the 
butyraceous particles;” and that “salt is used to aid in that 
separation and to preserve the casein or curd left in minute 
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particles in the butter.” The same speaker cited the fat content 
“of good milk from the milkman’s can” at “2.88 fat.” 

He indicated that “heavy return pails well painted on the out¬ 
side” were largely used for the packing of Orange Coxmty butter, 
the best New York market butter then made. Pails, firkins and 
tubs were commonly employed. The small box or package was 
“not coimnended” on the ground that “it only answers the same 
purpose as a sheet of brown paper . . ... useful for families 
who get their supply weekly and do not care to receive it in 
form for the table.” “A thick, solid return pail of a size adapted 
to a family’s wants for a month is better for both producer and 
consumer.” Prints were uncommon but pound balls “wrapped in 
a plain linen napkin (carrying) the name of the maker and number 
of the stall where sold” were sold “the producer, when he comes 
for the next ball, returning the napkin, neatly ironed and folded 
ready for use agam.” It is interesting to note that “the system 
of marketing which prevails in the neighborhood of New York 
City is for the producer to send his products once or twice a week 
to market by a man called a captain, from the fact that formerly 
this service was all performed by captains of North River 
barges.” The Vermont markets were largely local. Shortly 
before the Civil War, the Central Vermont Railroad began to 
run a refrigerator car once a week to Boston. The markets were 
imorganized, there was no collusion among buyers, no system of 
reports. In those days, the Little Falls and Utica, New York 
markets were large affairs. 

The pictures of cattle published in the dairy books, pamphlets, 
etc., were interesting. Of five pictures of Ayrshires and Short¬ 
horns published in this early report, one shows slightly the 
wedge shape, three are as nearly rectangular as may be, and 
one shows, a reverse wedge shape. 

The Secretary of the Massachusetts State Board of Agriculture 
—himself a university trained man and a farmer, the father of my 
first college room-mate—in 1871 told the Vermont dairymen 
that “the Boston milk supply is a disgrace to civilization;” 
that “there is a row on between producers and contractors, the 
latter being too strong for the former;” and that “all the milk is 
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produced within 40 to 50 miles of Boston.” In those days, milk 
was sold raw, more or less—and probably more—dirty, with 
little or no inspection. Adulteration was common, dipped milk 
universal, and the cream trade unknown. The butter then sold 
was almost all dairy butter. There were no separators or 
deep setting devices. It was made from shallow settings, 
skimmed more or less completely, the cream irregularly ripened, 
the butter more or less mottled and sold in large packages, with 
quality variable and prices fluctuating, but low. There was 
but little winter dairying. Butter was “put down” for the 
winter. 

In the early seventies, ice cream was almost unknown. The 
writer was brought up, as a child, in Boston. The only ice 
cream he ever knew, in the early seventies, was sold by “Billy 
Nichols,” a peripatetic vender, who rambled about the streets 
ringing a bell. Asa boy, he remembers freezing a small quantity 
of ice cream in a tinpail which he painfully twisted back and forth 
for an hour or more in a bucket of broken ice. Family size ice 
cream freezers were almost unknown. There was no such thing 
as an ice cream parlor. Ice cream was not purveyed at drug 
stores or candy stores; indeed, there were almost no candy stores 
then. If one had ice cream half a dozen times during the summer 
in small quantities, he was doing remarkably well. It was never 
used as a dessert. 

The writer came to the University of Vermont and the Vermont 
Station in 1888. He promptly took up work in connection with 
the study of dairy manufactures. Butter was then made from 
milk set in a shallow pan, or in the so-called “Orange County 
pan," a rectangular device, or in the so-called “Ferguson Bureau” 
creamery, wherein pans were assembled in bureau style, or in the 
deep setting cylindrical cans surrounded by water, the so-called 
Cooley or Stoddard caps. Factory separators were just beginning 
to come in, the first two in the State being owned by the late 
F. L. Evarts, of Vergennes, and by E. J. Parker of Grand Isle, 
now living, about eighty years of age, the only livmg charter 
member of the fifty-two year old Dairymen’s Association, the 
only man who has attended 51 meetings. There were no farm 
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separators. The factory separators were mostly of the so-called 
Danish-Weston type. These were built upon the general lines of 
the modern centrifugal washing machine. They were wide 
open—one could throw a cat in when the thing was running and 
the mechanism would probably skin the cat and deliver the skin 
from one spout and the body from the other. There were very 
few creameries and these dealt mostly with the product of the 
deep setting cans. 

There was no Babcock test. Payments were made according 
to many systems. There was the flat payment system, all too 
commonly in vogue. There was the “space” system, whereby 
the volume of cream was read against a glass gauge set into a 
cylindrical can. All spaces looked alike and were held to be alike, 
although actually highly unlike in their butter fat contents. 
There was the “gang chum” system, whereby small samples of 
creams from Smith’s, Jones’ and Brown’s dairies were separately 
churned in the same churn, made up of a number of compartments, 
payments being based upon the weight of the butter churned 
from each sample. There was the “oil test churn,” where small 
quantities of cream from the various dairies were churned in 
test tubes, the butter melted and the volume of the melted fat 
determined. 

Under such circumstances, there was necessarily much in¬ 
accurate work done and farmers were sorely tempted to extend 
their milk. The writer visited many Vermont creameries and, 
communities in the pre-Babcockian days, took samples, brought 
them to the station laboratory and tested them; and in the 
early days of the Babcock test he did the same thing. Some of 
his findings were interesting. In one community, 39 out of 40 
samples of milk showed either watering, skimming or both. 
One sample was so thin that 115 pounds of milk were needed 
to make a pound of butter. 'The plea of the farmer was that 
he only had two or three cows, that the day before had been 
Thanksgiving and that his wife wanted the cream for dinner. 
At another location, a very thin milk was foimd, whose seller 
claimed that what he did was justifiable in that there had been 
a strawberry festival at the church the night before and he had 
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given the cream to the Lord. The writer once found a fish in 
the sample dipper at creamery on the shores of Lake Champlain. 
Angle worms were frequent inhabitants of milk. In one case 
the farmer’s pump was found to be full of angle worms. His 
alibi was that he had held the milk uncovered under an apple 
tree during the night and that undoubtedly the worms had 
crawled up the tree trunk, out on the branches and had dropped 
into the milk. In another case, the presence of an uncrated 
Babcock tester in the creamery served immediately to drop the 
number of pounds per pound of butter from 27 to 22 pounds. 
Almost invariably, when the writer stayed two days at a creamery 
most of the milks were of better quality on the second day than 
they were on the first. 

There was much to be said on the side of the dairy farmer 
of the eighties and nineties. When milk is paid for on a flat 
basis, regardless of quality, the dairyman who is making a 
relatively rich milk is greatly tempted to extend it. It is an 
open question whether, as a matter of fact, the introduction of 
the Babcock test into manj'^ communities did not conduce quite 
as much to the spread of morality as did the expoundings from 
some country pulpits. 

llie first, or nearly the first, hand separator in Vermont was 
placed on the University farm in 1888. It was hand nm—there 
was no such thing as motors in those days^—and skimmed 300 
•poimds to the hour. 

Throughout the nineties the Babcock test was greatly mis- 
imderstood and distrusted. It was reviled as being inaccurate 
and the operators were said to be careless or worse. All kinds 
of legislation was proposed with a view to remedying the situation, 
which of course long ago has thoroughly settled down. As a 
result of this agitation and the obvious necessities of the case, 
glassware and machines are periodically inspected, operators 
are examined and licensed and there is a provision whereby any 
aggrieved patron, believing that the tests are faulty, may call 
for help from the Commissioner of Agriculture, who is empowered 
to enter upon the premises, to take charge of and to test all 
samples at a given creamery where there is reason to believe 
that inaccurate work is being done. 
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In 1877, at the ei^th meeting of the Vermont Dairymen’s 
Association, Mr. Willard, who was quoted early in this article, 
set forth “the history of American dairying.” His statements 
had to do mainly with cheese. In the course of his remarks, he 
contrasted “the flood of light which now illumines the path of 
the dairyman with the meagre knowledge which he possessed 
twenty years ago.” It may be justly claimed that in the forty- 
five years which have elapsed since Mr. Willard made this 
statement, the illumination has considerably increased in bril¬ 
liancy. One can only conjecture how extensively our children of 
1970 wUl be “lit up.” 



THE ALCOHOL TEST AS A MEANS OF DETECTING 
ABNORMAL MILK 

A. C. WEIMAR 

Dairy Division, United States Department of Agriculture, Washington, D, C. 

Received for publication November 1, 1922 

In the methods of determining the quality of milk, the alcohol 
test has not yet found a very important place. Many investi¬ 
gators have found this test to be of great value, but in a practical 
way, have not been able to agree on its merits for use in the milk¬ 
receiving room. Other quality tests are employed, but the one 
most universally used is the acid test, even though its defects 
have become generally recognized. It is well known that the 
present acid te.st does not indicate the true acidity, since the 
casein and salts combine with the alkali, which, at times, results 
in an apparent high acidity in fresh milk. Under any conditions 
dairy manufacturing plants, and especially condenseries, would 
welcome any rapid and accurate test that would determine the 
quality of milk received. It is the object of this paper to throw 
more light, if possible, on work already done on the alcohol test, 
that it may, in some way, hasten the perfection of a reliable test. 

Unfortunately, scientific investigators who have studied the 
alcohol test have drawn varying conclusions and disagree widely 
as to its value. Of those who have worked with it, Morres (1) 
is probably the most ardent supporter. He and other advocates 
claim it to be of great value, since it offers a quick and simple 
means of determining the condition and keeping quality of milk. 
We, are inclined to believe, with Campbell (2), Ernst (3), and 
Auzinger (4), that the alcohol test is of value, in that a positive 
reaction may be indicative of a chemical change in the milk. 
We base our belief on the studies of several cases of abnormal 
milk which were brought to the attention of this laboratory. 
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Before going into the details of these cases, it may be well to 
state that we have no definite conclusions to offer, other than 
those presented by the observations made, and we do not wish to 
convey the opinion that silage should not be fed to cows delivering 
milk to condenseries. We are, however, of the opinion that, in 
certain cases, physiological conditions may be found in the cow 
which will result in the production of abnormal milk, with a 
dangerous effect on the sterilization of evaporated milk. Hun- 
ziker (5) states that there are still some condenseries that will not 
accept milk from silage-fed cows, and it may be that the following 
cases are examples of difficulties which caused these condenseries 
to make a rejection rule of this kind. 

EXPERIMENTAL TESTS WITH MILK 

During April, 1921, while running alcohol tests on all the 
milk received at the creamery in Grove City, Pa., two cases of 
positive-reacting milk were found. The first of these was brought 
to our attention after the patron’s milk had been rejected for a 
week. We immediately ran some preliminary tests on the milk, 
having received individual samples from each cow of the herd. 
Table 1 shows the results. 

It can readily be seen from Table 1 that no ordinary test would 
lead us to distinguish those milks which reacted positively from 
those that reacted negatively. The acidity of each sample was 
normal, and the bacterial counts do not indicate an imusual 
disturbance. 

The following afternoon a visit to the farm proved that the silo 
had been emptied that morning. Upon examining the silage, 
it was found moldy and partly decomposed. Then the above 
tests were shown to the patron, he stated that some of the cows had 
refused the silage, and later, further investigation proved that the 
cows reacting positively to the test were the same cows that had 
eaten plentifully of the silage, while those reactiug negatively had 
refused it. A few days after discontinuing the feedffig of silage, 
this patron’s milk was again accepted as normal. 

At the same time these first tests were being run, a s imil ar 
case was brought to our attention where the herd milk reacted 
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positively to the alcohol test. Table 2 shows the results of the 
preliminary tests: 

Again we found nothing that would give us a clue to the cause 
of the variation of positive and negative results, but the experience 

TABLE 1 


Milk from first herd fed moldy silage 


NUMBEIl OF 
COW 

FERMENTATION TJiST 

ALCOHOL 

TEST 

B4CTnUlA 

COL'NT 

ACID TFRT 

FLAVOR AND 
ODOR 

1 I 

Very gassy 

+ 

100,000 

0.18 

Flat 

2 

Good 

— 

250,000 

0 175 

Fair 

3 

Good 

— 

140,000 

0.17 

Good 

4 

Good 

— 

100,000 

0.165 

Good 

5 

Good 


180,000 

0.155 

Flat 

() 

Slightly gassy 

- 

90,000 

0.165 

Fair 

7 

Good 

+ 

250,000 

0.16 

Fair 

8 

Good 

+ 

100,000 

0.165 

Good 

9 

Good 

1 

500,000 

0.17 

Flat 

10 

Good 

+ 

300,000 

0.165 

Fair 

11 

Good 

+ 

300,000 

0.165 

Good 

12 

Good 


90,000 

0.17 

Good 

13 

Good 


90,000 

0.155 

Good 

14 

Good 

+ 

100,000 

0 16 

Good 

15 

Good 

— 

100,000 

0.16 

Fair 


TABLE 2 


Milk from second herd fed moldy silage 


NUMBER OF 
COW 

FERMENTATION TPNT 

ALCOHOL 

TEST 

DACTSltlA 

COUNT 

ACID TEST 

FLAVOR AND 
ODOR 

1 

Slightly digested 

-f 

50,000 

0.16 i 

Good 

2 

Good 

+ 

100,000 

0.17 

Fair 

3 

Slightly gassy 


75,000 

0.155 

Off, flat 

4 

Good 

— 

75,000 

0.18 

Good 

5 

Good 

— 

60,000 

0.185 

Good 

6 

Good 

+ 

85,000 

0.16 

Fair 

7 

Slightly digested 

- 

100,000 

0.165 

Good 

8 

Good 

4- 

100,000 

0.155 

Good 


in the first case led us to believe that the silage might be causing 
the trouble here, so the farm was visited at once. The cows of 
this herd had not yet been on pasture. We examined the con¬ 
centrates and hay and found nothing in them that would tend to 
cause a disorder in the cows, but the silage, as in the first case, 
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was moldy. This silo also was nearly empty. We took the 
liberty of feeding each cow a forkful of silage, and found that 
some accepted while others refused it. Correlation between the 
silage and the reaction was again in evidence, as those accepting 
the feed reacted positively, while those refusing it reacted negar 
tively. At om suggestion the silo was emptied and the cows put 
on a different ration, and within a few days the reaction of the 
herd milk went from positive to negative. 

Throughout the rest of the year, alcohol tests were made on 
the herd milk, but no cases of abnormal milk were found. But 
in April, of this year, a case similar to those of 1921 came up, and 
as there was enough silage left, a series of experiments was 
immediately begun. The silage here was moldy around the 
outside and also in spots through the center. The farm was 


TABLE 3 

Milk from third herd fed moldy silage 


NUMBER OF 
COW 

FERMENTATION 

TEST 

ALCOHOL TEST 

BACTERIA COUNT 

ACTB TEST 

FLAVOR AND 
ODOR 

1 

Good 

+ 

2,500 


Good 

2 

Good 

+ 

18,000 

■tIH 

Good 

3 

Good 

4- 

20,000 

0.155 ! 

Good 


visited, and the three cows of this herd whose milk reacted 
positively to the alcohol test were isolated. Cow 1 was put on a 
ration from which the silage was ehminated, and cow 2 was 
fed normally, as a check. For the reason that some rich clover 
hay was being fed, cow 3 was fed a ration with silage, but with the 
clover hay eliminated. On the fifth day, the mUk from cow 1 
cleared up in the alcohol test, while the milk from cows 2 and 3 
continued to react positively. Cow 1 was then put back on 
silage, and in four days her milk again reacted positively. The 
experiment was then changed, putting cow 2 on a ration without 
silage and using cows 1 and 3 as a check. In four days the miUc 
from cow 2 reacted negatively to the test. By thte time the 
silage was gone and we were, ther^ore, forced to discontinue the 
experiment. Table 3 shows the resxilts of the prdiminary tests: 
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It might be well to state that cow 1 was in the middle of her 
lactation period and cow 2 near the end, while cow 3 was fresh. 

A graphic illustration (fig. 1) will perhaps show better the 
outline and results of the experiment. 

In our estimation, the above experiment would tend to prove 
that in some cases poor silage will affect the physiological condi¬ 
tion of the cow in such a way as to cause her milk to become 
abnormal. It would seem quite evident that in the three cases 
enumerated, the silage was the cause of the abnormal milk; and 
if it were possible to make a complete analysis of the cows’ milk 
and the silage, it would perhaps determine the exact cause for 
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this disorder. However, it is rather doubtful whether chemical 
analysis would disclose the reason for this change. Ayers and 
Johnson (6) have shown that a positive alcohol test indicates 
some change in the milk from its normal condition, and their 
results also show that there is no definite relation between the 
alcohol test and the number of bacteria present in the milk. 
It would, therefore, be safe to say that this physiological disorder 
has induced a chemical change in the milk which causes it, when 
tested with alcohol, to coagulate. 


TESTS WITH EVAPORATED MILK 

Dahlberg and Gamer (7), in their work on determining the 
quality of milk for condenseries, have found that the alcohol test, 
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in some cases, is very valuable, while in others it has not proved 
satisfactory. However, they found at the Grove City creamery, 
in the case of milk reacting positively, the sterilization point of 
the evaporated milk was very low. We, therefore, ran some of 
the milk from each cow through our laboratory condenser, to 
determine whether a variation in their coagulating points could 
be found from the time the milk reacted positively until after it 
had changed from positive to negative. Table 4 shows the 
results obtained. 

TABLE 4 

Condition of evaporated milk from cows in feeding experiment 


cow 1 


cow 2 


cow 3 


Alcohol test... 

"f 

+ 

“h 

Acidity. 

0 15 

0.155 

0.15 

Fat. 

4.6 

4 3 

4 0 

Total solids... 

14 02 

13,90 

13.18 

Solids not fat. 

9.41 

9 t;o 

9.18 

Forewarming temperature, degrees Fahrenheit.... 

90 

92 

90 

Total solids on evaporation. 

26 92 

27.01 

26.14 

Coagulating point, degrees Fahrenheit. 

215 

222 

228 


After milk from cow 2 had changed.to negative reaction 


Alcohol test. 

+ 


4* 

Acidity. 

0.155 

0.15 

0.1G5 

Fat. 

4.65 

4 2 

4.2 

Total solids. 

14.02 

13.4 

13.52 

Solids not fat. 

9 37 

9.2 

9.32 

Forewarming temperature, degrees Fahrenheit.... 

90 

90 

90 

Total solids on evaporation. 

26,50 

26.95’ 

27.05 

Coagulating point, degrees Fahrenheit. 

214 

230.5 

226 


It will be noted that there is a difference of 8.5°F. in the 
coagulating temperature of the milk of cow 2, while for Cows 1 
and 3 the change was 1 and 2°F., respectively. This would 
tend to show that a positive-reacting milk has a lower coagulating 
point in the case of abnormal milk, and that as soon as it becomes 
normal or the cause of the abnormality is removed, the coagulat¬ 
ing point rises. 
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In conclusion, we wish to point out that the alcohol test is of 
value in determining some cases of abnormal herd milk, and 
especially those which would prove to be harmful to condenseries. 
We also believe that a poor quality of silage must be watched, so 
that no ill effects may come from it. As stated before, there can 
be no other conclusions drawn in the cases enumerated, than that 
the silage was the cause of the abnormal milk. 

We are also inclined to believe that the mono- and dibasic 
phosphate salts played an important part in the phenomena we 
have described. 
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STUDIES IN MILK SECRETION 

X. RELATION BETWEEN THE MILK YIELD OF ONE LACTATION 

AND THE MILK YIELD OF A SUBSEQUENT LACTATION IN 

GUERNSEY ADVANCED REGISTRY CATTLE* 

JOHN W. GOWEN 

Maine Experiment Station, Orono, Maine 
Received for publication March, 1922 

To be worthy of consideration an advanced registry record 
must do two major things: First it must predict with reasonable 
accuracy what the production of that cow will be in subsequent 
lactations; second, it should indicate, in some degree at least, 
what milk production may be expected of that cow’s offspring. 
Surprising as it may seem in view of the constantly recurring 
assertion of the desirability of the advanced registry test, there 
is very little foundation of proof to support these two hypotheses. 
It appears beyond cavil, if an advanced registry cow who makes 
an excellent record on test is worthless as a subsequent milk 
producer or if a cow of poor test is the leader in the breed at a 
subsequent lactation, that the value of the advanced registry 
records of these cows is slight indeed. Now it may be asserted 
that cases can be cited which will show that the advanced registry 
record indicates a cow’s true worth. True enough, but these are 
selected cases. They do not indicate the value of the test for the 
whole breed. It is to furnish data on this point for the advanced 
registry of one whole breed, the Guernsey, that this paper is 
written. 

MATERIAL 

The American Guernsey Cattle Club in its advanced registry 
tabulates the records of the cows which make the requirements for 

1 Paper from the Biological Laboratory of th© Maine Agricultural Experiment 
Station, No. 144. This paper is one of a series of investigations in animal hus¬ 
bandry the continued prosecution of which has been made possible by a grant 
to the author from the Rockefeller Institute for Medical Research. 
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entry. In volume 31 of this registry there are found to be 738 
possible pairs of these tests and retest for cows under ten years 
old. From these data the necessary tables were formed to 
determine the relationship between the milk production of one 
lactation and that of another. These tables are shown in the 
appendix to this paper. Because of the effect of age on yield it 
was deemed advisable to divide the data into year groups up to 
the age of seven years. The ages of seven, eight, and nine years 
are grouped together. The precautions taken by the cattle 
clubs and the supervision of the records by competent men should 
make these data accurate. 

The methods used are those in ordinary biometrical use. 

MEAN MILK YIELD OF GUERNSEY TEST AND RETEST COWS 

The average milk yield for each of the different age groups is 
shown in table 1. 

The columns represent the mean milk yields of the age group 
indicated above the column. The groups within that age for 
which the milk yields are subsequently correlated are shown at the 
left as the age at which the retest was made. Thus the first mean 
in the two-year colunm, 8519 ± 129, shows that these two-year- 
olds mean milk yields was 8519 ±129 pounds and that these same 
cows were subse<iuently tested at three years old. Similarly the 
mean milk yield of the two-year-olds subsequently retested at 
four years old was 8248 ± 104. The mean milk yield of the three- 
year-old cows tested at two years is given in column headed three 
years in the two-year row as 10349 ±163. 

Table 1 shows several significant points. The milk yields for 
these two-year-old cows tested at subsequent dates are approx¬ 
imately the same as those of the average two-year-old advanced 
registry Guernsey cows. This means that no selection of better 
milking cows for subsequent retest has taken place within this 
two-year-old group. 

If the column for the three-year-old cows is compared wdth the 
average of the advanced registry Guernsey cattle, it is foimd that 
the three-year-old cows which were tested at two years old pro¬ 
duced in their three-year-old lactation something over 1300 
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pounds more milk than was expected of them. Examination of 
the three-year-old cows which were not tested for advanced 
registry at two years old shows their milk 3 aeld to agree, within the 
limits of random sampling, with the average of all the Guernsey 
cows tested at this age. Clearly here is proof of what fitting and 
care will do for increasing milk yield. But let us examine the 
four-year-old cows. Here the same facts are brought out. The 
cows tested at two years or at three years old produce more than 
the average advanced registry cow of four years by an amount 
equal to 1200 pounds on the average, whereas those cows tested 
for advanced registry for the first time produce practically that of 
the average for all the advanced cows of this breed an age. The 
five-year-old cows tested as two, three or four year olds pro¬ 
duced nearly 1500 pounds of milk more than did the average of 
the five-year-old advanced registry cows, whereas the cows 
tested at five years old for the first time produced only slightly 
more than the average of all advanced registry’’ Guernsey cows. 
The six-year-old cows v'hen previously tested produced about 
1300 pounds more milk than the average of all the advanced 
registry Guernsey cows of that age. 'J^he six-year-old Guernsey 
cows not previously tested produced practically the same milk 
yield as the average six year-old cows. The seven-, eight-, and 
nine-year old cows where previously tested, produced on the 
average 2,000 pounds of milk more than the average of all the 
advanced x'egistrj' cows. These facts indicate the universality of 
an increase in retest milking of the Guernsey cows with previous 
advanced registry tests. There is no clear evidence that the 
difference increases significantly with the older ages and con¬ 
sequent increase in milk yield. The fact of the increased milk 
yield after a previous advanced registry test may be accounted 
for in at least four ways. 

(a) That the previous test has enlarged and developed the 
udder of cows so tested beyond what it would ordinarily have 
been. 

(b) That the owner of the cow realizing the worth of the cow 
due to her previous test prepares the cow better for the coming 
test. 
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(c) As a corollary to (b) that the cows get better care and feed¬ 
ing, in fact get extraordinary care, than they did in their first test 
or that any cows first tested would be likely to get. 

(d) That cows, when second tested, which do not make rela¬ 
tively large records in the second test are not entered into the 
advanced registry by their owners even though they make the 
requirement for entry. 

It is difficult to evaluate properly the relative effect of these 
four variables. It seems probable that (d) played but little part 
in the conditions cited. Thus the owner of the cow to be retested 
would pay $5 to start the test, plus practically $9 per month for a 
supervisor as long as the test was continued. This would mean 
on 8 cows (the maximtxm number which are allowed to one 
supervisor for 3 milkings a day) a cost per month of about 
$1.50 per cow. It seems highly doubtful, therefore, whether in 
view of the expense already made in the completion of a test the 
owner would deliberately keep back or withhold from the Cattle 
Club the names of the cows which made the requirement but did 
not make it by a large amount. Furthermore, with the increase 
in milk yield with age a cow is practically bound to increase in the 
actual (not her relative) yield of butter-fat. This would tend to 
cause all cows making the retest to be included in the advanced 
registry. Such a state of affairs would make (a), (b), and (c) 
the important factors. 

These factors are strictly environmental. They represent 
what Galton would call nurture factor as distinct from those of 
nature. Here then is a measure of some environmental factors as 
they effect milk yield. How much are they capable of effecting 
milk yield? Clearly from one-sdxth to one-ninth of its total 
amount. As a strictly biological fact where environmental 
causes may impose variations of so great a magnitude upon 
genetic characters, it devolves upon the breeder and tester of 
dairy cattle to make full use of this variation by carefully fitting 
his cows for advanced registry work. 
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VAHIATION OP THE MILK YIELD OF OUEBNSEY RETEST COWS 

Table 2 gives the amount of milk which these Guernsey cows 
varied on their first and second tests. This is recorded as the 
standard deviation. Within a range of three times the standard 
deviation on either side of the mean will be included practically 
all the observed milk yields. The arrangement of the table is 
the same as that of table 1. 

The variability within the different age groups appears to be 
at random. The variability of the two-year-old class is less 
than that of the other age classes. Tliis is in accord with the 
results of other investigations (1) where it may be shown that the 
standard deviation of milk jdeld rises rapidly with age, following, 
in general, one form of a parabola. The percentage of this 
variation in comparison with the mean milk yield ranges from 
14 to 25. I’kis range is about that of most milk-producing cows 
and breeds when calculated from relatively small groups similar 
to those of these data. 

RELATION BETWEEN THE MILK YIELD OP THE FIRST TEST AND OF 

THE RETEST 

We are now in a position to obtain the answer to the problem, 
does an advanced registry record predict with reasonable accuracy 
what the production of a cow’s retest will be in a subsequent 
lactation? The amount of the correlation coefficients for the 
relation between the test and retest shows the degree of reliance 
which can be placed in an advanced registry test as a means of 
predicting the subsequent milk yield of the same cow. Thus, 
if a cow produces the highest milk yield of all two-year-olds, will 
she produce the highest milk yield of all three-year-olds? That 
is, will a cow maintain the relative level of her production among 
her sister cows which she had in the previous lactation? If so the 
correlation coefficient will be 1.000. If it makes no difference 
what the first test is, whether the highest or lowest, in determining 
what the subsequent test will be the correlation coefficient will 
be zero. The range between 1 and 0 determine the value of the 
first test record as a prediction of the milk yield of the subsequent 



TABLE 2 

Differences between milk yields of Guernsey retest cows in first and second tests 
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retest. The data of table 3 answers this problem for Guernsey 
test and retest advanced registry cows. Study of table 3 shows 
that the correlation coefficients for milk yield of one lactation 
correlated with the milk yield of another lactation are high for this 
kind of data. The average correlation coefficient is 0.696 when 
each observation is equally weighted. The magnitude of the 
correlation coefficient shows that the retest record may be pre¬ 
dicted with considerable accuracy from the record of the first 
test. The answer to the problem set for this paper is at hand; 
the advanced registry test predicts with reasonable accuracy the 
record obtained on retest of Guernsey cows. Records of milk 
yield at one age are of about equal value with those of another 
age in predicting the cow’s subsequent record. 

From the practical side of culling the poor milkers out of the 
herd these results are highly satisfactory. The data are equally 
interesting when considered in their biological aspects. The 
correlations show that the cows composing the herd are innately 
differentiated in their milk-producing abilities. The plane of 
production once established, the cow tends to maintain this 
relative plane from lactation to lactation. The values of the 
correlations indicate clearly that there is a fairly accurately 
working mechanism behind this function. 

From this point of view it is of a good deal of interest to com¬ 
pare the only other statistics available for cattle with those 
derived here. 

In a pure-bred herd of Jersey cattle, Gowen (2) showed that the 
correlation coefficients for the eight months’ milk production of 
one lactation with that of another lactation at another age ranged 
from +0.2144 ± 0.0919 to + 0.7306 ± 0.0284. Each set of 
correlation coefficients for the milk production at a given age 
with the milk productions at other ages in the cow’s life deviate 
only slightly from a line which is approximately linear, taking a 
nearly constant value for each age. The mean value for these 
correlation coefficients of milk production of one lactation at any 
age with the milk production of another lactation at another age 
is +0.5352. 
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On another herd composed of British Holsteins and Short¬ 
horns Gavin, using his measure of the lactation as the “revised 
maximum,” found the correlation between the milk productions 
of the various lactations and that of their maximum “revised 
maximum” to be those shown in table 4. 

The data on the pure-bred Jersey herd and that of Gavin 
correspond closely. They indicate that in an unselected group 
of cattle a somewhat lower relation exists between the milk yield 
of one lactation and the milk yield of a subsequent one than is 
shown by the Guernsey advanced registry test and retest cows. 
The correlations are in all cases high and confirm each other in 
proving that the individual cows are innately differentiated as 
regards their capacity for milk production. 

TABLE 4 


Correlation coefficients between milk jrroductions in various lactations of British 
Holstein and Shorthorn cows 


i 

LACT.VnON 

r WITH MA.KIMl'M i 
“REVl^KD MAXI- 
MbM” 

PUOBABLE ERBOK 

First. 

-l-O 394 
+0 452 
+0.500 
+0.605 
+0.702 

=b0.03l 
±0.030 
±0 028 

Second. 

Third. 

Fourth. 

±0.024 

Fifth. 

±0 010 



Other relations which include productive capacity in its 
broad sense have been studied for dairy cattle. Eckles and 
Swett (3) have studied data on the relation of birth weight to the 
height at the withers at twenty-four months of age for the 
resulting calf. They say “these data possibly show a very slight 
tendency toward the animals larger at birth maintaining a lead 
over the normal during the period of most rapid growth, but 
individual variations are marked.” The author has calculated 
the correlation coefficients for these data of Eckles and Swett. 
For the relation between birth weight and wither height of the 
13 Holstein-Friesian heifers the correlation coefficient is 0.29; for 
the 12 Jersey heifers 0.24. The conclusion of Eckles and Swett 
to this extent appears justified. However, when it is realized 
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that on samples of the size of 13 and 12 correlation coefficients of 
this amount would have an equiprobable range of not less than 
0.20 on either side of this value, the conclusions, based on such 
small numbers, lose weight. 

Of the quantitative data on other species of practical interest 
perhaps the most complete is that of Harris and Blakeslee (4) 
(1918) on the White Leghorn. In this work they determined the 
correlations between the monthly egg production and the other 
eleven months production of the same bird. The correlations for 
these monthly ovulations with the other eleven months ovulation 
takes values ranging from +0.240 rt 0.033 to + 0.573 db 0.023. 
The range is there quite similar to those obtained in the data for 
milk yield in cattle although lower in value. The knowledge of 
these sets of constants gives criteria for the fairly accurate 
prediction of the records that may be expected at a subsequent 
date in the life of the.se extremely economically important species. 

PREDICTION OF RETEST MILK YIELD FROM FIRST TEST MILK YIELD 

To predict one variable from another as the milk yield of one 
lactation from that of another lactation, it is necessary to know 
the numerical relations between the variables. These may be 
determined in the form of equations. The equations to predict 
the probable yield on the second test of Guernsey cattle making 
advanced registry test have been calculated. These are given 
in table 5. 

In the equations of table 5 Y represents the desired predicted 
milk yield at the subscript age and y indicates the milk yield at 
the age given as the subscript to y. Thus a cow at two years old 
gave a milk yield of 8000 pounds, what would be the expected 
advanced registry milk yield at six years of age. We find the 
Y of six years and y of two years in the fourth equation of column 
2. The equation is 

F, -= 3347 + O.myz 

substituting, we have F* = 3347 + 0.984 X 8000, or the eiqiected 
milk yield at six years of age is 11,219 pounds. In the same 
maimer the predicted milk yield of any age may be found. 
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TABI^ S 

Equations to predict the probable yield of Guernsey advanced registry 
cows on second test 


Yt = 1,994 + 0 . 0301 /, 

I'l = 3,908 + 0.408J/4 
r, = 1,897 + 0.5237/5 
y, - 1,414 + 0.0112/, 
y, = 4,378 + 0.2742/7.,,, 
y, = 2,078 + 0.5882/4 
y, = 1,913 + 0.6282/5 
y, = 704 + 0.7182/, 

y, = 3,310 + 0.4302/,.,., 
y, «= 3,422 + 0.5232/5 
y, = 2,108 + 0.6.502/, 
y, = 4,150 + 0.4152/,.,., 
y, = 3,833 + 0.5717/, 
y, = 3,923 + 0.5042/,.,., 
y, = 2,852 + 0 . 6162 /,.,., 
y, ■= 1,189 + 0.7882/, and 


y, = 1,803 + 1.0032/, 
y, = 3,686 + 0.8422/, 
y, = 4,458 + 0.9407/, 
y, = 3,347 + 0.9842/, 
y,.,., = 5,609 + 0.7797/, 
y, =• 2,713 + 0.8952/, 
y, = 5,610 + 0.6582,, 
y, =■ 4,190 + 0.837//, 
y,.,., = 0,016 + 0.6772/, 

y, = 1.099 + 1.0752/4 
y, = 3,885 + 0.8012/4 
y,.,., - 2,613 + 1.0562,4 
y, = 670 + 1.0627/5 
y,.,., = 4,742 + 0.7282/5 
y,.,., = 1,172 + 1,0092/6 
y, and , = 3,492 + 0.8292/ 


StTMMABY 

This study presents the data on the Guernsey breed to deter¬ 
mine the worth of an advanced registry record for milk yield as an 
indicator of the milk yield of a subsequent lactation. The 
major conclusions may be stated briefly. 

Environment may materially effect the milk yield of a cow. 
Thus Guersey cows on retest produced over 1000 pounds milk 
more than their sisters on first test at the same age. 

The variation of Guernsey milk yield agrees with that of the 
other breeds. 

The relation of the milk yield of one lactation to that of another 
is high, ranging from 0.462 to 0.811 in the correlation scale. Com¬ 
pared with a pure-bred herd of Jerseys, the average coefficient of 
correlation is nearly 0.15 higher for the Guernsey advanced 
registry cattle than it is for the Jerseys. Compared with the 
records for egg production, the Guernsey milk records indicate 
with much greater accuracy what the subsequent retest milk 
record will be than do the egg records for one month indicate 
what the subsequent eleven months’ egg record will be for 
White Leghorn hens. 

Equations are presented to determine from one lactation’s 
advanced registry record what will be the probable record at a 
subsequent lactation. 
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APPENDIX 

Tables Showing the Corhelation Surface for the Variable Milk Yield 
OF One Lactation with the Milk Yield op Another Lactation. 

Each IjACtation is at a Known Age 
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2-YBAR-0LI)S’ milk yield (pounds') 
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3-TBAR-OLD8* MILK \1ELD (POUNDS) 
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5*TEAR-0LD8’ milk tibld (pounds) 
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From the very beginning of the science of buttermaking, the 
acidity of cream has received much attention. At first because 
it was found to have an important influence upon the immediate 
flavor of butter. In the past decade the importance of acidity 
has increased because of the discovery that it profoundly affects 
the keeping quality as well as the immediate flavor of butter. 
It has been presumed too much that if the acidity of cream is 
right the butter will be right in so far as it is affected by acidity. 

The acidity of cream comes to effect as acidity in the butter. 
It is the acidity in the butter that affects its flavor and keeping 
quality. Even though the churning acidity of cream is right 
the acidity of butter may be high if the butter is ovcrchumed 
or if the butter is not properly washed. 

. The source of the acidity of cream is almost entirely in its 
serum or butter milk. Milk fat is neutral so far as its register 
upon the acid test of cream is concerned. About one half of the 
acidity of butter, tested with alcohol and ether, is due to butter¬ 
milk, the other half to the fat itself. If the acidity of butter is 
tested without a fat solvent like alcohol and ether, then the 
acidity measured is practically all due to butter milk. 

Thorough and convenient removal of buttermilk is very 
desirable. 

Butter granules of visible size either large or small are ag¬ 
gregates or clumps of smaller granules. The constitution of a 
butter granule can be illustrated with a barrel of apples. The 
barrel is full of apples and not another apple could be added. 
The contents of the barrel are not all apples. The spaces be¬ 
tween the apples are occupied by air. Likewise, a visible butter 
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granule is not all milk fat. The spaces between the microscopic 
granules composing the large granule are full of buttermilk. 

For the purpose of the problem in hand, granules the size of 
filberts are aggregates of granules of the size of wheat. It is 
obvious that wash water has a much greater distance to travel 
in flowing through a granule the size of a filbert than in flowing 
through a granule the size of wheat. Moreover, because of its 
greater weight and longer churning, the surface of the larger 
granule is sealed to a greater extent than the surface of the 
smaller granule. 

The smaller the granules, therefore, the more buttermilk can 
be washed out of them. If the granules are smaller than radish 
seed they drain so slowly that the method is impractical. I 
prefer granules the size of wheat. 

Churning at a warm temperature will produce poorer results 
because butter comes so quickly that overchurning will often 
occur. 

Before washing is completed the chum should not be turned 
unless the granules are floating on butter milk or water. Unless 
this foresight is used, the turning of the churn causes the mass 
of granules to fall with such impact that they are jammed to¬ 
gether. 

When the draining buttermilk flows a stream the size of the 
thumb the granules which have gently settled to the bottom in 
an open fluffy heap should be sprayed with water until the 
drainings (the bung is open all this time) become watery. The 
bung is then closed and water added to a depth of 6 to 12 inches. 
Whichever depth is chosen should be uniform from churning to 
churning. For 1000 pounds of butter about 100 gallons of water 
is required. 

When sufficient water has been added the churn is revolved 
two or more turns in the slow gear. The water is drained through 
the bung and another dose of water added as before. The churn 
is again revolved in the slow gear or the butter is worked in the 
wash water, according to whether the buttermaker salts in the 
granular form or works his butter in the wash WRter. I prefer 
working in the wash water. 
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The history of the acidity of a churning was as follows: 


1800 pounds of cream, fat 32J per cent 



PEBCBMTAGB 

DBORSBUS 

MANNB* 

Churning acidity. 

0.31 

17.5 

Acidity of buttermilk. 

0.47 

26.0 

Acidity rinse water (20 gallons) . 

0.24 

13.3 

First wash water (100 gallons) . 

0.17 

9.3 

Second wash water (100 gallons). 

0.027 

1.4 

Acid of butter (AE) . . 

0.14 


Size of granules . 

Wheat 


Butter produced (pounds). 

71G 



This is an actual and representative churning. 

The decreasing acidity of the wash water indicates the removal 
of buttermilk and acidity from the butter. An acidity of wash 
water of 0.014 per cent (0.8 degree Manns’) is as good as is 
practically possible. 

It should be seriously borne in mind that large granules, say 
the size of filberts, very quickly yield wash water of low acidity. 
Large granules do not allow the water to enter and low acidity is 
due to slight removal or buttermilk. 

An (AE) acidity of 0.14 per cent in the butter is average. 
The greater acidity in the butter than in the second wash water 
is due to the casein which is acid, as well as the fat which is also 
acid to the test here applied. 

To make such copious washing practical it is necessary to 
provide convenient facilities therefor. The water is held at even 
temperature in a tank or vat provided with thermometer and 
regulators as desired. A three inch pipe line is installed behind 
the churns. A branch for each churn passes over the main 
churn bearing at the gear end. This terminates in a short 
length with two elbows, one of which is loose. This short length 
hangs down out of the way when not needed and swings to the 
left into the chum door when needed.(see figs. 1 and 2). 

To supply standardized amounts of wash water so the butter 
would be properly washed and brought to uniform hardness for 
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I working and controlling moisture, a float gauge, like on a 
railroad tank should be provided. By means of a cord 
this gauge can be placed so it could be seen from every 

— chum (see fig. 3). 

Given the acidity of cream, the acidity of buttermilk 
“ can be calculated. The acidity of buttermilk from cream 
containing 33| per cent should be 50 per cent greater 
~ than the acidity of the cream. This is the acidity when 
_ neutralizing is properly done. In practice about one-half 
of centralized buttermilks tested shows a lower acidity 
_ than that calculated. About one-tenth of the buttermilks 
shows a lower acidity than the cream. This condition 
_ needs attention. When buttermilk has a lower acidity 
than cream, this is caused by improper neutralizing, 

— namely, haste or lime of poor solubility. 

A test of the acidity of butter takes longer and the 

— reading is so small that only a very careful worker can 
make a reliable test. These objections do not apply to 

— testing the acidity of fresh buttermilk. 

By applying here the acid test which is one of the 
“ oldest and simplest tests one can ascertain whether the 
neutralizing was properly done. When one drop of form- 
g aldehyde per ounce of butter milk sample is added the 
sample may be sent to a laboratory to be tested for 
acidity at convenience. 




A ROPY MILK ORGANISM ISOLATED FROM THE 
FINNISH “PUMA” OR “FIILI”i 

HAROLD MACY 

Dairy Bacteriology Laboratory, University of Minnesota, Si. Paul, Minnesota 
Received for publication October 15, 1922 

A bottle of milk, decidedly ropy in character, was brought to 
our laboratory by a Finnish student. It has not been possible 
to obtain a complete history of the beverage, but we were in¬ 
formed that some relative of a grocery man, who dispensed it, 
had sent to him through the mail from Finland, a culture ab¬ 
sorbed in ordinary blotting paper. The beverage is known to 
these people as “Fiili” or "Piima.” A search of the literatiire 
has failed to reveal any reference to this particular t 5 T)e of ropy 
milk. Inquiries made among investigators in this country have 
not yielded any information regarding it. Others have been 
consulted, among them editors of Finnish papers, but no scien¬ 
tific data was available. 

An attempt was made to isolate the organism or group of 
organisms, responsible for the condition. A fresh twenty-four 
hour propogation was plated on '‘milk powder agar A” (Ayers 
and Mudge, Jour. Bact., v, 6, 565) with excellent results. After 
five days incubation at 20°C., besides a variety of organisms, 
there appeared colonies closely resembling the common Bact. 
lactis acidi colonies, which when penetrated by the platinum 
loop were found to be soft and viscid. As the loop was with¬ 
drawn, a threadlike attachment followed. This could be drawn 
several inches from the plate. Inoculations made from these 
colonies into sterile milk led to a decided ropiness of the milk 
after twelve to fifteen hours, both at 20 and 37‘’C., although 
more pronounced in the former. 

The organism isolated in pure culture was studied in detail 
with the following results: 

' Published with the approval of the Director as Paper No. 340, Journal Series, 
Minnesota Agricultural Experiment Station. 
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MORPHOLOGY 

Shape; Microscopically, the organism resembles the Streptococcus 
lacticus, occurring as small cocci, slightly longer than broad. In 
preparations from milk, bouillon, or agar, there was very little dif¬ 
ference in the appearance of the organism. 

Size: From twenty-four hour milk cultures, varied in size from 0.6 
to 1.2 micron with the majority from 0.8 to 1 micron. 

Arrangement: Occurred in pairs and in chains of from 4 to 20 indi¬ 
viduals, the majority being between 6 and 10. 

Capsules: Were not always evident but a thin capsule was noted in 
some cases when stained with carbol fuchsin. 

Motility: None. 

Spores: None. 

Staining: Stained readily with the ordinary aniline stains. Strongly 
Gram positive. 

CULTURAL 

Plain agar; No growth. 

Lactose agar plates: No growth. 

Lactose agar stroke: No surface growth. 

Lactose agar stab: Very slight growth along line of puncture, better 
near surface. 

Milk powder agar plates; Colonies subsurface, white to cream colored, 
very viscid, bi-convex discs, about 1 mm. long by 0.25 mm. greatest 
diameter. 

Milk powder agar stroke; Moderate, beaded, flat, smooth, whitish, 
to transparent, tenacious on surface. Viscid growth in water of 
condeni^tion. 

Milk powder agar stab: Slight growth along line of puncture, better 
near surface. 

Plain gelatin plates: No growth. 

Lactose gelatin plates: No growth. 

Lactose gelatin stab: Slight growth at surface. Beaded along line 
of puncture. Better near surface. No liquefaction. 

Plain nutrient bouillon: Clear. Slight sediment, slightly viscid on 
agitation. 

PHYSIOLOGY 

Glucose bouillon: No gas. Add. Clear. Slightly viscid sediment. 

Lactose bouillon: No gas. Acid. Slightly cloudy. Viscid sediment. 
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Saccharose bouillon: No gas. No acid. Clear. Slightly viscid 
sediment. 

Maltose bouillon: No gas. Acid (strong). Cloudy. Viscid sediment. 

Inulin bouillon: No gas. No acid. Clear. Slightly viscid sediment. 

1 per cent aqueous solutions: 

Glucose: Very slight acid. No ropiness. 

Lactose; Acid. Slight ropiness. 

Saccharose: No acid. No ropiiiess. 

Maltose: Acid. Ropy. 

Peptone (Bacto): Slightly acid. Ropy. 

Egg albumin: Slightly acid. No ropincss. 

Egg albumin and glucose: Slight acid. No ropiness. 

Peptone and lactose: Acid. Slight ropiness. 

Peptone and maltose: Acid. Ropy. 

Plain skimmed milk: Slightly acid, not sufficient to coagulate. 
Few flakes of precipitated casein. Decidedly ropy after twelve hours. 
Rest at 20°C. Ropincss persists. Slight amount of ropy serum arises 
after standing several days. Ropincss is uniform thruout tube. It 
was possilde to pour the milk from a second stoiy window to the ground 
(about 25 ft.) without breaking the rope. Even then the wind would 
form an arc of the thread which descended. Milk cultures retained 
their ropincss even after six months and wdicn they had dried to nearly 
half their original volume. 

Brom cresol purple milk: Moderately acid. Ropy. pH, about 
0.4 to 6.5. 

Plain wdiole milk: Acid. Ropincss not as pronounced as in skimmed 
milk. 

Sour milk: No ropiness produced. 

Whey: Acid. Ropy. 

Casein (dialyzed): Neutral. Ropy. 

Casein (dialyzed and maltose: Acid. Ropy. 

Casein (dialyzed) and lactose: Slightly acid. Ropy. 

Chromogenesis: None. 

Temperature: Optimum 20®C. Growls well 12 to 37°C. 

In milk cultures: After thirty minute at 60®C.—Produced ropiness. 
After thirty minutes at 65®C.—produced no ropiness. After one 
minute at 98®C.—produced no ropiness. 

Moisture requirement: Cultures dried on blotting paper were capable 
of producing ropiness even after six months. 

Oxygen requirement: Facultative. 
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Miscellaneous observation: Inoculations made into sterile milk from 
the sugar broth cultures, two months old, caused ropiness in all cases, 
but in addition, the milk was coagulated and pierced with gas voids, 
with the exception of the culture from lactose broth, which only produced 
slight acidity and ropiness. When sterile milk was inoculated from these 
milk tubes, ropiness appeared but no coagulation or gas. It appeared 
like an adjustment to environmental food supply. 

DISCUSSION 

Some of the interesting characteristics of the organism are its 
failure to grow well on the ordinary routine media, its ability to 
produce marked, persistent ropiness in milk, and its resistance 
to dessication and heat. It is able to produce the ropiness 
from certain carbohydrate or nitrogenous compoimds separately 
or in combination as evidenced by its action on aqueous solu¬ 
tions of some of the sugars, particularly lactose and maltose and 
on the diaUzed, purified casein or peptone and mixtures of them. 
Albumen did not appear to be a suitable material for its forma¬ 
tion. Consequently, the combination of the casein and lactose 
as it occurs in milk furnishes a most suitable medium for the 
action of the organism. The fat does not seem to be a factor, 
as whole milk did not become as markedly ropy as skimmed 
milk. This effect might have been physical. 

The organism most closely resembles the Streptococcus lac- 
ticus var. Hollandicus comb. nov. (Hammer and Buchanna, 
1915) and Streptococcus taette (Olsen-Sopp 1912), but inasmuch 
as the characteristics described differ from those which have 
been ascribed to the two above and others causing ropiness in 
milk, and as the literature as far as available contains no reference 
to “Fiili” or “Piima” or the causal agent, it is suggested that 
it be given as a new species—Streptococcus piima. 



V. SODIUM HYPOCHLORITE^ 

SOME STUDIES ON THE BACTERICIDAL ACTION OF SODIUM 
HYPOCHLORITE IN COW’S MILK 

HARPER F. ZOLLER and SYLVIA'M. EATON 
Research Department of The Niter Laboratories Company, Detroit, Michigan 

Received for publication January 10, 1923 

If sodium hypochlorite possesses a phenol coefficient of such 
great magnitude and if it reverts into sodium chloride and 
oxygen upon decomposition, as it is generally claimed, the 
question naturally arises; why can it not be used with safety to 
sterilize milk? 

There are many natural reasons outside of the Food and Drug 
Acts which preclude the possibility of its use in the above field, 
and we propose to discuss the natural reasons against its use, 
and to present new data bearing on the question. The more 
urgent is this investigation since sodium hypochlorite has be¬ 
come such a valuable disinfecting agent in food factories and 
dairies. In the hypochlorite disinfection of milking machines, 
pipe lines, pumps, vats and other utensils in the dairies and 
milk product factories, it is not always possible to drain the 
last traces of the dilute hypochlorite rinse from some of them. 
Consequently if fresh or pasteurized milk should be turned into 
or pumped through such apparatus, it will become contaminated 
with traces of the disinfectant. What will be the result? 

In paper III of the hypochlorite series, one of us has taken up 
the question of the rate of destruction of NaOCl in cow’s milk. 
The results from that study show that at constant temperatures 
quantities of NaOCl up to 0.02 per cent (available chlorine) 
are lost in the milk almost immediately without being detected 
in appearance, but may be detected by persons with sensitive 
palates. They also showed that the rate of destruction rapidly 

^ Head before a meeting of the Society of American Bacteriologists, at Detroit, 
Michigan, December, 1922. 
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increased with temperature; also that the destruction of the 
NaOCl in the milk resulted in the chlorination of the casein and 
other proteins. There seemed to be no difference between the 
rate of destruction in raw, pasteurized or boiled milks which 
signified that, if there was any selective action on the sodium 
hypochlorite by the reductase present in the raw and pasteurized 
milk, the methods of examination were too crude to identify it. 

The results from that investigation, then, taught us that 
NaOCl actually loses chlorine to some of the constituents of 
milk, and that there was a limit to the quantity of the substance 
which would disappear in the milk in a given time. Traces may 
be lost entirely to the milk without detection. It remains 
therefore for us to determine what effect traces and excesses 
of sodium hypochlorite have on the bacterial flora in the milk. 

METHODS OP STUDY ‘ 

While these experiments are more or less preliminary, they 
are convincing enough for presentation. 

Quantities of raw mixed market milk were obtained from the 
receiving station of a local milk plant on different days. These 
samples were divided into 1-liter portions and brought to the 
temperature of the experimental conditions. In two sets of 
experiments the temperature of sodium hypochlorite contact 
was 40°C. while in the others 20°C. was used. 

After being brought to the observation temperature in a 
swift heat interchange water-bath, and immediately before the 
addition of the NaOCl, dilutions of the milk were made for 
plating, in order to determine plate count of the bacteria on 
the raw milk. The plating was done with milk powder agar 
described by us (1) in the October number of the Ice Cream Trade 
Journal. The milk powder agar would serve to give a qualita¬ 
tive aspect of any chance selective action of the hypochlorite 
on the lactic acid organisms and true peptonizers. 

A 1 per cent solution of NaOCl served for the bactericide. 
Concentrations of NaOCl were added to the milk corresponding 
to an “available chlorine” content of 0.0001 to 0.1 per cent in 
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the milk. Different periods of contact were tried for the purpose 
of determining the rapidity and permanency of the bactericidal 
action. 

The results of these experiments are enumerated in table 1. 

The pH of 0.01 per cent Av.Ch milk was 6.8-6.9, while in 
case of the 0.1 per cent the pH lay between 7.1-7.2. 

TABLE 1 



CONCBN- 
TllATION 
AV. Cb 
ADDED TO 
MILK 

TEMPEBA- 

TUBE 

TIME 

CONTACT 

plate count 

BATTEBIAL 

DBSTRUO- 

TION 

FBBB 

NaOCl 

(?) 


;><*r cmt 


minutes 


per cent 



None 

40 

Zero 

6,000,000 

Zero 

None 


0.01 

40 

10 

3,015,000 

39 1 

None 


0.001 

40 

10 

3,020,000 

39.8 

None 


0.0001 

40 

10 

4,192,000 

16.1 

None 


None 

40 

Zero 

1.950,000 

Zero 

None 


0.1 

40 1 

5 ‘ 

687,500 

64.8 

Yes 

SetB .1 

0.1 

40 

15 

222,500 

80.8 

Yes 


0.01 

40 

5 

1,422,500 i 

27.0 

None 


0.01 

40 

15 

702,500 

64.0 

None 


None 

10 

Zero 

i 1,825,000 

Zero 

None 


None 

40 

Zero 

1,()42,500 


None 


0.1 

10 

15 

1 863,000 

52.7 

Yes 

OOi» . ’ 

0.1 

20 

15 

660,000 

64.0 

Yes 


0.1 

30 

15 

630,000 

65.6 

Yes 


0.1 

40 

! 15 

605,000 

68.0 

Yes 


None 

20 

Zero 

2,350,000 

Zero 

None 


0.01 

20 

2.5 

1,596,000 

32.1 

None 


0.01 

20 

10 

1,330,000 

43.4 

None 

OCl; XJ .. ^ 

0.01 

20 

i 20 

1 1,720,000 

26.8 

None 


0.01 

20 

30 

1,542,000 

34.3 

None 


0.01 

20 

120 

1,775,000 

24.5 

None 


CONCLUSIONS 

In regard to cow’s milk, we can say that sodium h 3 T)ochlorite 
has a relatively low bactericidal effect, in view of its vigorous 
bactericidal action on the bacterial cells themselves. Only 
when an excess of NaOCl was present (as indicated by starch 
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sodium iodide test) did we consistently obtain more than 60 
per cent reduction in the plate count; and then the highest 
obtained was 80.8 per cent. The milk is always a pinkish- 
yellow color in the presence of 0.1 per cent of added “available 
chlorine.” 

We can further say that the presence of the organic matter 
in the milk seems to protect the vitality of the organisms, as 
regards their power to reproduce on a milk agar plate, even after 
exposure to an excess of NaOCl in the milk. 

This work is being continued to determine how much NaOCl 
and what time interval would be necessary to completely sterilize 
a given sample of milk, as revealed by the milk agar plate count. 

A practical conclusion may be drawn here, viz., sodium hypo¬ 
chlorite solutions can only be used with satisfaction in a food 
factory as a rinsing solution, after the equipment is thoroughly 
washed. It must then be dilute and yet contain sufficient 
NaOCl to show the presence of available chlorine in the water 
after having passed over the last surfaces of the equipment. 



THIONIN 

H. J. CONN- 

Department of Bacteriology^ New York Experiment Station^ Gcnevay New York 
Received for publication December 5, 1922 

One of the infrequently used biological stains concerning which 
there has been so much confusion as to give trouble both to 
biologists and to the manufacturers and dealers supplying them 
with stains is thionin. A little discussion, therefore, of the uses 
for this stain and its synonymy seems worth while. 

One of the first—perhaps the first—to introduce it into this 
country was Dr. M. P. RaA'enel, then of the University of 
Pennsylvania. He learned to use the stain in Paris. Later 
going to Germany he was unable to get the desired results with the 
thionin found there and so he sent to France for the brand he had 
first used. He convinced himself that there were great differences 
between the thionins on the market. Returning to America he 
had the French dye imported from E. Cogit & Cie., of Paris. 

A more recent use for this dye was suggested by Frost when he 
proposed his “little plate” technic for studying and counting 
bacteria in milk.^ This technic was originally worked out by 
Dr. Frost with the French thionin imported for Dr. Ravenel. 
It seems to be for this purpose that there is at present the greatest 
demand for thionin and complaints have reached the committee 
from various soxirces that samples of a stain labeled thionin 
obtained in this coimtry were not satisfactory, as they had the 
staining properties of the samples previously obtained from 
Germany instead of resembling the Cogit thionin. 

An investigation of the synonymy of this stain shows what is 
the trouble. There are two distinctly different dyes which are 
often confused, one correctly called thionin, the other thionin 

1 Chairman of Commission on the Standardisation of Biological Stains. 

* W. D. Frost, Improved technic for the micro or little plate method of count¬ 
ing bacteria in milk, Jour. Inf. Diseases, 1921, xxviii, 176-184. See also Standard 
Methods of Bacteriological Examination of Milk, 3rd, ed., 1921, p. 1$. 
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blue. The former is synonymous with Lauth’s violet, a name 
which seldom appears in the literature, however. Unfortunately, 
moreover, in Frost’s paper describing the “little plate” technic 
he specified thionin blue instead of thionin. One other fact 
which adds to the conclusion is that the true thionin (syn. Lauth’s 
violet) is no longer used in the textile trade and has not been 
listed in Schultz’s Farbstofftabellen (the recognized index of the 
textile dyes) since the second edition. In the present edition 
thionin blue is listed, however; so it is quite natural that a manu¬ 
facturer not familiar with thionin might supply thionin blue in 
its place. 

Tests have shown plainly that for staining bacteria, especially 
in the Frost technic, thionin is required, not thionin blue; hence 
those ordering this stain are advised to specify “thionin (syn. 
Lauth’s violet).” The only place in this country where we have 
found this stain available in the past is the Will Corporation at 
Rochester, who prepared a batch of it sometime ago not being 
able to find it elsewhere. At the present time, the Will Corpora¬ 
tion stock being nearly exhausted, the National Anilin Company 
has prepared another lot to be put into circulation which will 
undoubtedly be available from general supply houses in the near 
future. 



THE COLOSTRUM PROBLEM AND IT SOLUTION 


AKTHUR C. RAGSDALE and SAMUEL BRODY 

Dairy Husbandry Departmentj University of Missouri Columbia Missouri 

Received for publication October 27, 1922 

The colostrum problem as it concerns the dairyman arises in 
connection with the cow infected with tuberculosis or other 
serious disease whose progeny it is desired to raise. In such 
instances the newly born calf can not be allowed to nurse its 
mother in the natural way on accoxmt of the danger of infection. 
The problem is then w'hat to feed the calf. 

To solve this problem it is first necessary to get definite ideas 
concerning the properties of colostrum and concerning the func¬ 
tion of colostrum in the regimen of the young calf. The follow¬ 
ing enumeration is intended to give these ideas: 

1. First w'e will consider the quantitative chemical composi¬ 
tion of colostrum as compared to milk. Differences in the quanti¬ 
tative composition with respect to the salt and fat content are 
not likely to be important. As far as the proteins are concerned, 
the differences in the concentration of casein and albumin in 
colostriun and milk is not very great. The concentration of 
casein is on the average the same in the two secretions, and the 
albumin content in colostrum is approximately twice that of 
normal milk. There is, however, an enormous difference between 
the globulin content of colostrum and of milk. Normal milk 
contains about 0.03 per cent of globulin, w'hile colostrum contains 
6 to 12 per cent globulin. This difference between milk and 
colostrum with respect to the globulin content seems to be very 
significant in view of the fact that the globuHn of colostrum is 
identical with the globulin from blood serum, and that this is 
the only protein in colostrum or milk which is identical with a 
protein in blood (Crowther and Raistric, 1916; Wells and Osborne, 
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1921). The globxilin seems to pass from the blood into the 
mammary gland unchanged. 

2. A second fundamental difference between colostrum and 
milk relates to the immune body content. It is well known 
that after certain infectious diseases, for example typhoid fever 
in man, the blood is found to contain immune bodies, or anti¬ 
bodies, which serve to protect against, reinfection. These 
bodies may be determined qualitatively and quantitatively by 
appropriate methods. Colostrum is known to be very rich in 
all types of immune bodies found in the blood of the mother 
animal (Famulener, 1912; Lane Claypon, 1916). The immune 
bodies like the globulin, seem to pass from the blood through the 
mammary glands unchanged. 

3. A third significant fact is that the blood of the newly bom 
calf contains neither globulin (Howe, 1921) nor immune bodies 
(Famulener, 1912; Little and Orcutt, 1922), neither are these 
substances found in the blood of the calf after a meal of normal 
milk. If, however, the newly born calf is given a meal of colos¬ 
trum, and then the blood serum tested, it is found to contain 
both globulin and immune bodies. In other words, the globulin 
and immune bodies pass from the blood of the mother into the 
blood of the offspring unchanged in their passage through the 
mammary gland of the mother and through the alimentary tract 
of the young animal. 

The globulin and immtme bodies seem to travel together, and 
change together. If the globulin is separated from blood seram, 
it is found that practically all the immune bodies come down 
with the globulin fraction. During infectious diseases when the 
immime body content of blood rises, there is also a rise in globu¬ 
lin (Ledingham, 1907; for indirect evidence to the contrary see 
Schmidt, 1917). The concentration of immune bodies in colos¬ 
trum is proportional to the concentration of globulin in colos¬ 
trum (Staubli 1906; Famulener, 1912). 

4. Clinical observations fximish a fourth significant fact. It 
is well known that breast fed children are less subject to infec¬ 
tious diseases such as diphtheria and measles, than are artificially 
fed children. Experience in our dairy herd shows Hiis to be 
true with the calf. Calves that did not get colostrum were found 
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to be much more subject to many infectious diseases particularly 
scours and “enteritis” than the calves that received colostrum. 
The mortality of the calves which did not get colostrum was 
found to be much higher than of the calves which received 
colostrum. 

From these four facts it appears that colostrum, or at any rate 
the globulin and immune bodies of colostrum, play a very impor¬ 
tant r61e in the regimen of the young animal. The immune 
bodies passing from the mother to the offspring by the way of 
colostrum, are of the passive, or transitory t 5 T)e. The concen¬ 
tration of these bodies in the blood of the yoimg calf gradually 
diminishes; but while these passively transmitted immune 
bodies are diminishing, the young animal is gradually develop¬ 
ing its own active defensive, or immune mechanism (Gewin, 
1909; Ossimin, 1913). The benefits of colostrum while transi¬ 
tory, are evidently very important during the period of life 
when the animal is without its own defensive mechanism. 

Since the distinctive feature of colostrum is its large globulin 
and immune body content, it seems clear that there is only one 
other substance that contains these, and that could therefore 
replace colostrum in part, and that is blood serum. Blood 
serum from a healthy cow if mixed with normal milk could 
undoubtedly replace colostrum; but this is hardly a practical 
method. Vaccines, or immune sera against the prevalent in¬ 
fectious diseases of the calf, such as anti-scour serum, could 
likewise in part replace colostrum. This in fact is recommended 
by Williams (quoted by Traum, 1921). 

The ideal arrangement would be to disinfect the colostrum, 
so treat it as to inactivate the pathogenic organisms it may con¬ 
tain, but leave the immune bodies and globulin unchanged. 
Rapid freezing and thawing was found to fulfill this requirement. 
The passage of a high voltage current will probably accomplish 
the same end (Beattie and Lewis, 1913). These methods while 
simple enough to carry out in a chemical laboratory can not be 
recommended as a routine procedure to the dairyman. 

A simpler method is offered by pasteurization. Those who pre¬ 
viously have attempted to pasteurize colostrum, foxmd that the 
colostrum coagulates into a solid cheese-like mass on heating and 
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can not therefore be fed to the calf. On reinvestigating this sub¬ 
ject it was found that those previously attempting to pasteurize 
colostrxim used either a flame or steam as a source of heat. Now 
it was found that the temperature coefficient of heat coagulation 
of proteins is very high, and it rises with rise of temperature 
(Chick and Martin, 1910) and that therefore a difference of one 
or two degrees in the pasteurization temperature may determine 
success and failure in pasteurization. By the use of steam or a 
flame as a source of heat it is not possible to avoid local hot zones. 
The particles of protein that come in contact with the steam 
spray or hot bottom over the flame become overheated and coagu¬ 
late, while the temperature of the colostrum as a whole may be 
below the pasteurization temperature. For this reason a water 
bath was used for heating the colostrum, and the steam was 
used to heat the water in the bath surrounding the colostrum 
container. The temperature of the bath as well as of the colos¬ 
trum was carefully controlled by thermometers. With this 
precaution it was found to be entirely safe to pasteurize colostrum 
without the least danger of coagulating it. From what was said 
concerning the high temperature coefficient of heat coagulation 
of protein, and the rise of the temperature coefficient with the 
rise of temperature, it is clear that the lower the pasteurization 
temperature the greater the margin of safety. The following 
table showing the relative time required to thicken colostrum so 
it flows with difficulty when tipping the container, and the time 
required to inactivate the organisms of tuberculosis will further 
illustrate this idea. 


TEMPEBATUKE 

TIME REQDIRETl TO 
INACTIVATE 

TIME BEQTimKD TO 
THICKEN COLOSTRtTM 80 XT 

De«:i rc!r. C 

DoRrces F. 

THE OBOANIRM OF 
TUBEltCULO-^ie IN MILK 

BARELY FLOWB 

57.5 

135.5 

minutes 

Over 14 hours 

60.0 

140.0 

20.0 

3 hours 

62.5 

144.5 

18.5 

30-40 minutes 

65.0 

149.0 

i 14.0 

10-15 minutes 

67.6 

153.5 

7.5 

4-5 minutes 

70.0 

158.0 

3.0 

2 minutes 

72.5 

162.6 


70-75 seconds 

76.0 

167,0 


45^ *60 seconds 
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The values in the table are only approximate, the exact values 
depending on the composition of the sample of colostrum. The 
composition of first milking samples of colostrum vary consider¬ 
ably, and the speed of heat coagulation is dependent on the 
concentration of the proteins, salts, and the hydrogen ions. 
The greater the concentration of these substances, the more 
rapid the thickening of the colo.strum on heating. The effect of 
the hydrogen ions is particularly striking. The hydrogen ion 
concentration of colostrum is about pH 6.1 while that of normal 
milk is about 6.6. The coagulation time can be appreciably 
increased by bringing the pH of colostrum to that of normal milk 
by the addition of sodium bicarbonate, or milk of magnesia, or 
milk of lime. This is, however, not recommended as experiments 
showed that certain immune bodies in colostrum, particularly 
the amboceptors, are more thermostable at the natural reaction 
of colostrum than at the more alkaline reaction. It might be 
added that the effect of a nmnber of other ions on the speed of 
heat coagulation of colostrum were studied following the ideas 
of Pauli (Pauli, 1903). The results do not, however, seem of 
sufficient significance to make their presentation worth while. 
From a study of the table presented aboAT, it appears clear that 
it is perfectly safe to pasteurize colostrum at 140°F. and that it 
is not therefore necessary to add any substances to it. 

Having determined that colostrum can be pasteurized without 
changing its physical properties, it becomes important to find 
out whether temperature affects its immunological properties. 
Experience would seem to indicate that pasteurized colostrum is 
in every respect as good as unpasteurized colostrum. Out of 
thirty-two calves in our herd that received pasteurized colostrum 
only two calves died—a mortality of 6 per cent. The others did as 
W’ell in every respect as the calves which nursed in the natural way. 
Figure 1 shows growth curves of 5 experimental calves taken at 
random from the group. There is no constant difference in 
growth between the calves naturally fed, and the calves fed on 
pasteurized colostrum. On the other hand, out of 22 calves in our 
herd that received no colostrum, and fed on raw normal milk only, 
7 died—a mortality of 32 per cent—^results decidedly in disagree- 
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ment with those published by other investigators (Buckley, 
1920; Traum, 1921). These comparative mortality figures 



Fig. 1 


show the efficacy of pasteurized colostrum and justify the con¬ 
clusion that neither protein, nor immune bodies have been 
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materially affected by pasteurization. These conclusions have 
been followed up by laboratory studies on some immune bodies. 
The amboceptor, or complement fixing, immune body was found 
not to be reduced appreciably in effectiveness by heating up to 
149°F. for an hour. Above this temperature this body rapidly 
deteriorates. Of course the complement is destroyed at the 
pasteurization temperature, but this is not important inasmuch 
as the blood of the calf contains this substance. The effect of 
tt mperature on agglutinins in colostrum is more pronoimced. 
Further quantitative data on the effect of temperature on these 
bodies will be reported some time in the future when more 
colostrum from reacting cows becomes available. 

SUMMARY 

1. The blood of the newly born calf contains no globulin or 
immune bodies. Colostrum is very rich in globulin and immune 
bodies. The globulin and inmiune bodies in colostrum pass 
into the blood of the newly bom calf unchanged in the alimentary 
canal. These facts, and the further facts that disease and death 
rate is much higher among animals which do not receive colos¬ 
trum than it is among those which do receive colostrum indicates 
that it is essential for newly born calves to get colostrum. 

2. If the colostrum is infected with pathogenic organisms, 
these organisms may be inactivated by pasteurization. Pas¬ 
teurization does not change the properties of colostrum to any 
appreciable extent provided the pasteurization is done in a water 
bath thereby avoiding local hot zones. On account of the rela¬ 
tively rapid rise of the temperature coefficient of heat-coagula¬ 
tion of proteins with rise of temperature, the lower pasteuriza¬ 
tion temperatures offer a wider margin of safety than the higher 
pasteurization temperatures; 140°F, is the safest temperature 
for pasteurizing colostrum. 

3. Pasteurizing colostrum at 140°F. for twenty to thirty min¬ 
utes does not appreciably change the properties of colostrum and 
experience shows that calves fed on such pasteurized colostrum 
get along in every respect as well as calves that are natu¬ 
rally fed, and very much better than calves which received no 
colostrum. 
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5. The satisfactory method to raise a calf from a cow infected 
with tuberculosis is therefore to separate the calf from its mother 
at birth, and feed the calf its mother’s pasteurized colostrum dur¬ 
ing the first two to three days after birth. The colostrum should 
be pasteurized in a water bath at 145°F. for twenty minutes, or 
preferably at 140°F. for thirty minutes. 
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With the advancement of dairy manufacturing more and 
more attention is paid to close approximations and efficient 
methods of analyzing the raw material- -milk. In butter 
making the butterfat test of the raw material is of primary 
import/anco. In the manufacturing of cheese, ice-cream, con¬ 
densed and powdered milks, the estimation of milk-solids-not-fat 
is also desirable and sought bj"^ the cheese and ice-cream manu¬ 
facturers. The determination of butterfat is satisfactorily 
accomplished by the well accepted Babcock test as approved by 
the American Dairy Science Association (1). 

In the estimation of solids-not-fat, however, no special direct 
standard method is employed but its calculations are made in¬ 
directly. 1. I'he total solids of a gi^•en sample are found by 
using the gravimetric method II (2). 

2. The percentage of butterfat is subtracted from the percent¬ 
age of total solids and the difference indicates the percentage 
of S. N. F. (solids-not-fat). Or, various formulas are employed 
which enable one to estimate the total solids and solids-not-fat 
to a great degree of accuracy for all practical purposes. Among 
the well known formulas the following may be mentioned: 
Fleischmann’s (3), Richmond’s (4), Hehner and Richmond’s (5), 
Ambuhl’s (6) and Babcock’s (7). 

PURPOSE 

The main purpose of this study is to find a formula which could 
be considered as a standard and deduct a workable coefficient 

» Published by permission of the Director. 
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which will facilitate close approximations when using this formula 
as compared with gravimetric determinations. To accomplish 
this end the writer made use of the data compiled by 11. H. Shaw 

TABLE I 


Average specific gravity^ nitrogen, sugar, fat and solids not fat for each cow, each 
breed and the total average 


NUMBEB 
OF COW 

BREED 

NUMBER 
OP CABEB 

sr. GR. 

QUE- 

VENNB 

DEGREEB 

TOTAL 

N. 

SUGAR 

LACTOSE 

B. FAT 

B. N. P. 
GRAVI¬ 
METRIC 
METHOD 

B. N. F. 
BABCOCK 
METHOD 

g/b 

COEFFI¬ 

CIENT 





per cent 

per cent 

jter cent 

per cent 

j>ei cent 


4 

J. 

25 

33.4 

\ 0.61 

4.79 

4.88 

9.31 

9.33 

0.9978. 

99 

J. 

37 

32.9 

0.53 

4.99 

4.70 

8.95 

9 17 

0.9760. 

118 

J. 

33 

34.2 

0.65 

4.87 

5.39 

9.66 

9 63 

1.003 

AveraRe for Jerseys 

33.5 

0.60 

4.88 

4.99 

9.31 

9.38 

0 9925. 

205 

H. 

47 

32.9 

0,47 

5.09 

3.23 

8.76 

8.87 

0.9875 

206 

H. 

40 

29.8 

0.44 

4.25 

1 2.96 

7.98 

8.04 

0.9925 

209 

H. 

46 

31.4 

0.52 

4.29 

1 3.09 

8.42 

8.45 

0.9964 

Average for 

Hoi- 








steins. 


31.4 

0.48 

4.54 

3.09 

8.39 

8.46 

0.9917 

300 

A. 

26 

33.3 

0.60 

4.86 

4.20 

9.23 

9 18 

1.0054 

300 j 

A. 

24 

31.8 

i 0.48 

4.84 

3.49 

8.56 

8.62 

0.9918 

301 ! 

A. 

25 

33.1 

0.54 

5.02 

4.28 

9.11 

9.13 

0.9978 

301 

A. 

37 

32.6 

0.51 

5.00 

-3 84 

8.88 

8.93 

0.9944 

302 

A. 

12 

31.7 

0.55 

4.78 

4.47 

8.77 

8.85 

0.9909 

Average for 

Ayr- 








shires. 


32.5 

0.54 

4.90 

4.05 

8.90 

8.94 

0.9955 

400 

MS 

35 1 

33.9 

0.53 ' 

5.09 

3.86 

9.22 

9.26 

0.9956 

402 

MS 

29 i 


0.54 

4.97 

4.04 

9.16 

9.24 

0.9913 

403 

MS 

14 

33.2 

0.49 

5.23 i 

3.34 

8.78 

8.97 

0.9788 

Average for milking 








Shorthorns. 


33.6 

0.52 

5.10 

3.75 

9.05 

9.15 

0.9890 

Total average . 

32.8 

0.54 

4.86 

3.97 

8.92 

8.99 

0.9922 


and C. H. Eckles (8). In their works a ‘comparison of 430 
determinations for T. S. in cow’s mflk, both gravimetrically and 
by the use of several formulas were cited and Babcock’s formula 
proved to be the most eflS^cient one. This conclusion based 
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upon exhaustive numbers of samples makes it possible to con¬ 
sider Babcock’s formula for the determination of solids-not-fat 
in cow’s milk (9), as a standard. Furthermore, a comparison of 
430 determinations of solids-not-fat in cow’s milk, both by the 
analytical chemical method and according to Babcock’s formula 
is a reliable basis for calculating the coefficient of variability 
which is to be used in determining solids-not-fat of normal 
milks in connection with the application of Babcock’s formula. 
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S N. F. equals \ plusO.2 f (Ij = Lactometer reading in Quevcnne 
degrees, and f equals percentage of butterfat). 

Table 1 shows that the average for the Jersey milk has been 
computed from 95 determinations, for Holstein-Friesian milk 
from 133 determinations, for Ayrshire milk from 124 determina¬ 
tions, and for Milking Shorthorns the averages are based on 78 
determinations. The total average is the mean of the breed 
averages obtained through a total of 430 determinations. The 
G/B coeflBcient is the quotient of the percentage of solids- 
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not-fat obtained by the gravimetric method and the percentage 
of solids-not-fat for the same samples computed according 
to Babcock’s formula. 

The diagram presented here exhibits the close approximation 
of the deviations when compared with the hypothetical curve 
based upon the law of probabilities (10). The mean deviation 
of the determinations made by the application of Babcock’s 
formula from the corresponding detenninations derived by the 
use of the gravimetric method is plus 0.0604. 

CONCLUSIONS 

A study of the data obtained by R. H. Shaw and C. H. Eckles 
reveals the fact that in estimating solids-not-fat by the use of 
Babcock’s fonnula the following points should be considered: 

1. The coefficients of variability in determining solids-not-fat 
in normal cow’s milk by the use of Babcock’s formula are as 
follows: 

0.9925 for average Jersey milk; 

0.9017 for average Holstein Friesian milk; 

0.9955 for average Ayrshire milk; 

0.9890 for average Shorthorn milk: 
and 0.9922 for average mixed milk of all breeds. 

2. ‘"^Comparing‘ results calculated by the use of Babcock’s 
formula with those obtained gravimetrically the mean deviation 
is found to be plus 0.0604. 

PI'S. To come within very close approximation to the chemically 
determined value for solids-not-fat in normal cow’s milk the 
following formulas should be used: 

(a) S. N. F. equal plus 0.2 f.) X 0.9922. 
or (b) S. N. F. equal (J plus 0.2 f.) — 0.0604. 

I am greatly indebted to the United States Department of 
Agriculture, Bureau of Animal Industry for the available data 
contained in Bulletin 134. 
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The beginning of 1922 found the United Kingdom the 
greatest dairy market in the world with a surplus quantity of 
products on hand which had been purchased by the government. 
These suppUes were disposed of early in the year and the effect 
of government control was removed and the natural law of 
supply and demand again became a factor in the trend of pro¬ 
duction, prices and distribution of the world’s dairy products. 

During the first ten months of the year, the United Kingdom 
continued to import increased quantities of butter, but for the 
first time since the war began, imports of cheese decreased. 
This indicated an increased demand for butter and a slackened 
demand for cheese in the world market. 

CHANGES IN THE SOUTHERN HEMISPHERE 

The industry of Argentina closed a very bad year last May, 
having suffered from drought and loss of cattle which reduced 
the exports of dairy products about one-third. 

The Government of Australia, feeling the necessity of improv¬ 
ing the quality of her exported dairy products, issued regulations 
prohibiting exports of butter and cheese unless it had been 
graded and branded by regularly appointed officials of the 
commonwealth. Five grades of butter were established, as 
follows: 

1. Choice 

2. First grade' 

3. Second grade 

4. Third grade 

6. Pastry 
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One outstanding change in the New Zealand dairy industry 
noted during the year was the lengthening of its production 
season. Usually the season has opened in October and closed 
in May, but it is being lengthened to reach even to July or later. 
This lengthening of the season has considerable effect upon world 
trade conditions at the beginning of the production season in 
the Northern Hemisphere. 

The improved quality of product and important position of 
New Zealand in the English market is noteworthy. New 
Zealand butter is now generally quoted as high as the Danish, 
and the New Zealand cheese outranked the Canadian to such an 
extent that the Canadian cheese could not get proper considera¬ 
tion on the London market until the New' Zealand cheese stocks 
had practically disapjieared. 

Another important factor in the New' Zealand dairy industry 
is the type of their factories. Their factories are equipped to 
make butter or cheese as desired. If the market becomes 
loaded w'ith one product they can turn immediately to the other 
product and thus supply the most favorable market. The 
smallness of the country and the existence of cotiperative organi¬ 
zations make possible concerted action for the whole country. 
A bill was recently introduced in the legislature in New' Zealand 
to control dairy exports and place the matter of contracts under 
a special committee. While this bill has not been rei^orted as 
passed it shows the trend of sentiment on the marketing problem 
in that country. 

TRENDS IN THE NORTHERN HEMISPHERE 

During 1922 Denmark has sought to become less dependent 
upon butter as a principal dairy export product. Accordingly 
without neglecting its butter trade it has built up a cheese 
trade, since the war, principally with Germany, with grades 
and government inspection. It has also put condensed milk on 
its list of export products. 

Conditions prevailing in the Netherlands during 1921 con¬ 
tinued into 1922. Butter and cheese production were low on 
account of inability to meet the competition from New' Zealand, 
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Australia, Argentina and Denmark in foreign markets. The 
milk was turned largely into condensed milk and by-products. 
In the first nine months of 1922 the Netherlands imported 
9,013,470 pounds of butter from these countries, i)rincipally 
Australia and New Zealand. It is claimed t.hat this unusual 
condition was due to the difference in exchange between the 
Netherlands and the countries usually buying her dairy products. 

France removed the import tariff on butter in April and since 
that time has received an increasing import of unsalted butter, 
largely from Australia, New Zealand and Argentina, with a 
small amount from Denmark. 

A notable event in Canada was the passing of an amendment 
to the Dairymen’s Act of Alberta. This bill did away with 
cream buying stations and provided for Government inspection. 
The purpose of this Act was to raise the quality of butter made, 
by preventing the use of old, stale cream. In 1917 more than 
50 per cent of the butter graded in Alberta was passed as special 
grade. By 1920 this quality had decreased until there was only 
7.7 per cent of the special grade. The butter makers and the 
factories no doubt were as nearly perfect in efficiency in 1920 as 
they were in 1917 and the decrease in quality was due to the 
poor condition of the cream received. 

In the United States one of the most significant factors in 
dairying was the large increase in consumption of butter and 
whole milk reported last year and a further increased consump¬ 
tion this year. The manufacture of sweet cream butter has 
also increased very rapidly during the year. This is rather a 
new departure in butter manufacture, for heretofore the demand 
has been chiefly for a product showing a mild to high lactic 
acid flavor and aroma. As sweet cream butter production 
increases, its merits will become better known. Sweet cream 
butter is now made in many creameries that formerly produced 
butter from sour cream. It is recognized as having a creamier 
flavor and better keeping quality. 
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SUMMARY OF 1922 TRENDS 

Canada, New Zealand, Denmark, Australia and the United 
States have stressed the importance of quality, especially in 
butter. New Zealand butter ranks today on the English market 
with the best Danish. The greatest cheese exporting country 
now is New Zeland. Denmark holds her position on the butter 
market by the excellency of her butter and has endeavored to 
produce more cheese and condensed milk for export. It has 
also inaugurated an inspection service for export cheese which 
will guarantee its quality. The dairy industry of the Netherlands 
would have suffered greatly, or at least temporarily in 1922, 
but for the fact that her factories could make other kinds of 
dairy products besides butter. 

The significance of these efforts toward excellency of quality 
of butter is not without a reason. The public is becoming more 
and more exacting in its demand for good butter. Development 
of sweet cream buttcriuaking in the United States is designed to 
meet this demand which is growing rapidly. 

The advantage of ha\’ing factories equipped so that they can 
make any kind of dairy products and can change from one prod¬ 
uct to another is great. Especially is this true in small coun¬ 
tries where the industry is thoroughly organized and is largely 
dependent upon export markets. 

In a w'ord, the principal events of the year indicate progress 
in three lines: Better quality of products: closer grading and 
inspection; more complete organization making possible adjust¬ 
ment of production to market demands. WTienever any of 
the principal dairy countries develops a more complete factory 
organization for manufacture of dairy products, classifies and 
grades its products more closely and utilizes to a greater extent 
its geographical, seasonal, climatic, or other natmal condition, 
in the development of its industry it immediately becomes 
incumbent on all other dairy countries to follow with equal 
progress if they would maintain their position in the world’s 
dairy markets. 



REVIEW OF FOREIGN DAIRY LITERATURE 

R. C. FISHER 
^^forrSy Connecticut 

Van Dam W. and Sirks, H. A., Proef Zuivel Boerdery to Hoom- 
Netherlands. Studies in Regard to Body and Consistency of 
Butter in the Netherlands. 

1. The object of our investigations was to ascertain the varying 
degree in which creamfats from the different provinces of the Nether¬ 
lands at different seasons of the year are subject to crystallization, this 
varying liability to crystallization being one of the most important 
factors determining the body of butter made from the cream. The 
degree of the tendency to crystallize was determined and numerically 
expressed by the application of the dilatometric method described in 
an earlier paper.^ The amount of the expansion of 45 per cent creams 
on heating from 13° to 28°C. after cooling to 12°C. for twenty-one 
hours, was taken as a measure of the firmness to l>e expected in the 
butters made from them by faultless methods of manufac^turing. 

2. Every two weeks we examined the creams from twenty dairies, 
selected in sitch a way as to cause the inilucncc of different cii’cum- 
stances in the production, as food, treatment, soil, etc., to come out 
as clearly as possible. We selected 4 dairies in Friesland, 2 dairies in 
North Holland, 2 dairies in Drcnte, 3 dairies in Geldojlaud, 2 dairies 
in Overijsel, 4 dairies in Brabant and 3 dairies in Limbm g. The experi¬ 
ments were made in the summer of 1918 and in the stall-feeding season 
1919-1920. 

Besides the numbers given above for the expansion of the cream we 
determined those for iodine, the volatile acids (R.M.) and the refraction 
at 40°C. of the butterfat. 

3. The figures obtained were noted down in the tables 1 to 20 (An¬ 
nual Report for the year 1921) and graphically represented in curves. 
The following table and graph shows the combined average from all 
the dairies from which samples were obtained in the different parts 
of the Netherlands: 

^ cf. Verslagen van Landbouwkundige Onderzoekingen der Rijkslandbou- 
wproDfstations 16.1 (1915). 
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Table showing the average fat constants of hutlerfat in cream from 20 dairies in 
the Netherlands during different seasons of the year 



EXPANSION 

IODINE 

NUMBER 

REFRACTION 

NUMBER 

R. M. NUMBER 

April 29. 

14G.4 

40.2 

44.2 

30.8 

May 13. 

137.0 

41.9 

44. G 

30.5 

May 27. 

143.7 

40.8 

44 3 

30.6 

June to. 

149 G 

39.4 

43.9 

30.3 

June 24. 

154.1 

40.0 

44.1 

29.8 

July 8. 

150.8 

40.8 

44.3 

29.6 

July 22. 

145.0 

42.9 

44.9 

28.7 

August 5. 

142 1 

43.9 

45.0 

28.4 

August 19. 

140.0 

43.4 

45 2 

27.9 

September 2. 

mA 

43.7 

45.3 

27.6 

September IG. 

139 1 

43.8 

45.4 

26.9 

September 30 .... 

i:38.7 

43.8 

45.2 

26.9 

October 14. 

143.4 

42.6 

44 9 

26.7 

October 28. 

1.57 1 

39 3 

44.2 

27.4 

November 11. 

170 9 

.30.3 i 

43.3 

28.4 

November 24 . 

182.0 

33 5 

42.8 

28.8 

December 8 . 

179.3 

33.9 ! 

42.9 

28.8 

December 19 . 

174 9 

34 8 

42.8 

29.2 

January 5. 

172 2 

34.8 

42.9 

29.0 

January 10 

170 9 

34 9 

43 1 ’ 

29.6 

February 2. 

170 3 

34 6 ' 

43.1 

29.0 

February 16 . , 

1G7 3 

34.9 

43 3 

30.3 

March 1 .. . . j 

IGG 5 

35 7 

43.3 

31.0 

March 15. 

1G7 9 

34 7 1 

43 2 

31.2 

March 29 . , 

IGG 1 

.35.3 

4.3 3 

31.3 

April 12.: 

1 

161 2 

1 37.2 

43.5 

30.8 


Those obtained for the expansion are on the whole in harmony with 
what has been found to be the case in practice, weak-bodied butter 
being produced in the summer months and butter with a firm body in 
the winter, also w’hen the influence of temperature is excluded. In the 
pasturing season small numbers w'cre found for the expansion, in the 
stall-feeding season the numbers w^crc great and this w^as found to 
hold for all the dairies, farther, our experiments on this large scale 
confirmed what we found in our earlier research,^ \dz., that the numbers 
for the expansion arc approximately correlated to those for the iodine, 
great expansion numbers answering on the w^hole to small iodine- 
numbers and vice versa. As for the R. M. numbers we found former 
results confirmed, the numbers for autumn being higher in the southern 
provinces than in the northern provinces. It should be observed that 
there was much less regularity with regard to these numbers in the 
case of each particular dairy than there was in the other constants. 
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4. On closely examining the curves we found the results of practical 
experience during the summer season confirmed by our figures. The 



Chart 1. Showing the Average Fat Constants of Butterfat m Cream 
From 20 Dairies in the NBTHKai-ANns During Different Seasons of 

THE Year 
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production of a very weak-bodie<l butter during the first few weeks of 
pasturing, of more solid butter in June and July and of softer butter 
again in autumn was very correctly expressed by the expansion curves, 
as shown in the following table: 

Table showing amount of expansion of tendency to crystallize of 4^ per cent cream 
during the pasturing or summer season* 


PROVINGS IN WHICH 
CRBAMERY IB LOCATED 


Noordbrabant 


Limburg 


Gelderland 


Overijssel 


Friesland 


Noordholland 


Drenthe 


Total. 


1 . ... 


AMOUNT OP EXPANSION 


12.5- 

130 

130- 

135 

135- 

140 

uo- 

145 

145- 

150 

150- 

155 

155- 

160 

IftO- 

165 

Below 

140 

Above 

150 

0 

1 

4 

6 

2 

0 

0 

0 

5 

0 

0 

0 

0 

4 

3 

3 

1 

1 

0 

5 

0 

0 

2 

8 

1 

1 

1 

0 

2 

2 

0 

0 

> 

2 

5 

3 

1 

1 

1 

5 

0 

0 

4 

4 

1 

1 

1 

1 

4 

3 

00 

0 

3 

4 

2 

2 

1 

0 

3 

3 

1 

0 

0 

0 

4 

2 

0 

0 

1 

2 

0 

0 

4 

2 

4 

2 

0 

0 

4 

2 

0 

2 

3 

2 

4 

0 

0 

0 

5 

0 

1 

4 

4 

1 

2 

1 

0 

0 

9 

1 

0 

0 

4 

4 

0 

3 

1 

0 

4 

A 

0 

4 

3 

2 

2 

1 

0 

0 

7 

1 

0 

0 

2 

3 

4 

0 

3 

0 

2 

3 

0 i 

0 

5 

2 

1 

> 3 1 

1 

0 

5 

4 

0 ! 

0 ! 

4 

1 

3 

1 j 

2 

0 

4 

3 

0 

0 

0 

2 

5 

2 

3 

0 

0 

5 

0 

4 

2 

3 

0 ! 

3 

0 

0 

6 

3 

0 

1 

6 

1 

0 

1 

3 

0 

7 

4 

0 

1 

4 

3 

3 

1 

0 

0 

5 

1 

2 

17 

55 

60 

1 

46 

30 

18 

3 

74 

51 

32 per cent 
Too low to 
make a suf¬ 
ficiently firm¬ 
bodied butter 

22 per cent 
Such as to 
insure a 

good bodied 
butter 


NUMBER OF 
SAMPLES 


* The amount of expansion of 45 per cent cream when heated from 13 to 38®C, 
after cooling to 12^C. for twenty-one hours was used as a means of measuring the 
firmness to be expected in the butter made from such cream. 
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The composition of 32 per cent of 231 samples examined in the summer 
season was found to be such as to exclude the possibility of producing 
a sufficiently firm-bodied butter from their fat. That of 22 per cent 
was such as to ensure the production of good butter. That of 46 per 
cent was found to be such as to render a good degree of hardness in the 
butter somewhat less likely than a not quite satisfactory one. 



Chakt 2. Eelation Between the NirMSEK of Samples of Butter with Mois¬ 
ture Content Over 15.5 Per Cent and the Season of the Year 

Analysis covers six year period in Netherlands 
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In those cases in which very distinct differences wTre observed in 
the expansion of creams got from different dairies in one and the same 
province, our numbers were found to tally almost exactly with the 
figures of the butter tests in that province. 

6. We have also tried to account for the appearance of distinct 
maxima and minima in the curves of all the dairies in June and July 
and in autumn respectively with regard to the tendency to crystallize. 
The appearance of these maxima and minima tallies witli practical 
experience as regards the body of the butter. Starting from the as¬ 
sumption that the composition of the butterfat is predominantly 
influenced by the qualities of the food eaten by the cattle we tried 
to CvStablish how far the.se maxima and minima may be attributed to 
changes in the composition of the grass as consumed by the cattle in 
the summer. 


Table showing analysis of autumn meadow grass* 



CRUDB 

PROTEIN 

DIOBSTIBLE 

PURE 

PROTEIN 

FIBRE 

CARBO> 

HTORATES 

Mowed grass, October 21, 1015 

18 0 

10.7 



Mowed gras^.s 8e])teruber 20, 1910 

14 0 

8.1 

27 0 

4,3..3 

Mowed grass, October 12, 1917 . j 

Picked grass, September 9 to December 

17.2 

9 6 

25.0 

38.2 

2, 1916 

18.0 

11.6 

18 9 

40.0 

Mowed grass, November 1910 

17.0 


25.3 


Average for grass 

17.0 

10 0 

24.0 

42.5 

Hay, 1906 

10 0 

4.0 

35 2 

43.1 

Hay, 1909 

11 9 

4 8 

33.4 

40 6 

Hay, 1909 

12.4 1 

6.8 

34 0 1 

40.8 

Hay, 1909 


4.1 

30.7 

43.2 

Hay, 1916 

! 11 3 i 

5.5 

33 7 

42.0 

Hay, 1920 . 

1 10 4 

7.1 

32.6 

39.2 

Hay, 1920. . 

9.5 ; 

5.2 

31 5 

47.2 

Average for hay . 

j 11.0 

j 5 5 

! 33 9 

1 42.4 


* 3^>om unpublished analyses of the late Dr. Ott Do Vries, Hoorn Experiment 
Station. 


These analyses of autumn meadow-grass prove, that to the great dif¬ 
ference of the composition of hay and of such grass the slightness of 
the crystallization in autmn may be due. The analyses show that in 
the months of September, October and November the cattle receive 
far too much nitrogenous matter and far too little cellulose. That the 
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butter becomes considerably less soft towards July is in accordance 
with our assumption, the bunches of grass eaten by the cattle being 
then in an advanced state of growth and there being less albumen and 
more cellulose in them than in new grass. We think that researches 



Chabt 3. Showing Influence of Feeding Mangel Beets and Oat Straw on 
R. M. No., Refraction No., Iodine No. and Expansion No. ofButterfat 

Cows OR grass 


• Pasture was changed on November 36, as there was more grass in this pasture, 
the straw was not relished as well and in some oases not eaten at alK 
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on an extensive scale concerning the composition of fresh grass as 
consumed by the cattle at different times in the pasturing season would 
be of the highest value with a view to the solution of this problem of 
the changes in the consistency of Dutch butter. 

6. The above mentioned maxima of expansion in June and July 
which were observed in the creamfats of almost all the dairies, cor¬ 
respond in a remarkable degree with the numbers for the moisture 
content of the butter at this season, as determined by the butter control 
stations, Meyeringli^ examined the moisture numbers of 1947G samples 
of salted butt(T and 19G85 samples of unsalted l)uttcr and established 
the number of cases in the different months of the year in which the 
butter contained a high percentage of water, 151 per cent or over. His 
figures refer to a course of six years. 

In Meyeringh’s curves our maximum for the expansion in the summer 
appears in the form of a marked decrease of the number of samples 
with a high moisture (jontent, the correspondence with our results 
being very striking. This shows very clearly the correlation between 
the percentage of moisture in the butter and the composition of the 
cream fat. 

7. Finally we have tried to improve the body of the butter in autumn 
by the addition of mangels to the food. 

The favorable influence, though clearly observable in the expansion 
of the cream on adding 25 K. G. per cow, was by no means so strong 
as might have been expected from the changes in the iodine number 
and the refraction. It appeared that a number of 10 cows is too small 
for an experimenter to obtain reliable results in this kind of research. 

A tentative experiment made under very unfavorable conditions 
brought out that the addition to the food of cellulose in the form of 
oatstraw may perhaps somewhat improve the autumn butter. We 
intend to make this experiment once more with a larger number of 
cows and under more favorable conditions. 


* Diss. Delft 1911. 
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There appears to be a wide diversity in the relation of the 
extension service to the college of agriculture and the experiment 
station in different states throughout the union. In some in¬ 
stitutions the authority is decentralized so that the duties of 
the dean of the college of agriculture, the director of the experi¬ 
ment station, and the director of the extension service are vested 
in as many different persons. Likewise supervision of the 
resident instruction and the experimental work in dairying is di¬ 
vorced to a considerable extent from that of the dairy extension 
activities, although in practically all cases the teaching of the 
extension work is expected to be in accord with that of the resi¬ 
dent instruction. 

In other states the authority is centralized and the dean of 
the college of agriculture is the director of the experiment station 
and also the director of the extension service. He may be assisted 
by a vice-dean of the college of agriculture, an assistant director 
of the experiment station and an assistant director of the ex¬ 
tension service. Wliere the authority is thus centralized the 
head of the dairy husbandry department is responsible for the 
teaching, the investigation and the extension work in dairying, 
so that the department is the unit for these various lines of 
activity. The head of the department makes recommendation 
for the appointment not only of instructors and investigators 
but also of extension specialists. The latter are attached to 
the various departments in exactly the same way as teachers 
and investigators. The head of the department supervises the 
planning of the extension work, keeps the extension workers in 
touch with the research work and has general control except for 
administrative matters such as finances and the itinerary of the 
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men. Between these two forms of organization there are a 
considerable number of combinations. 

Which of these types of organization is best or whether any 
one type is best is difficult to say. Each plan seems to be 
working well in the particular States where it is in use although 
some members of the staff in certain States have stated frankly 
that they believe a different form than that now in use in their 
State would be an improvement. I shall bring to your atten¬ 
tion some of the thoughts that have been expressed concerning 
the advantages of the various forms of organization and I trust 
that the consideration of the whole subject will be helpful in 
enabling us to render the best possible service to the people of 
our respective States. 

Those who favor a separate organization for carrying on the 
agricultural extension work of the state, wherein the different 
lines of activities such as dairy husbandry, animal husbandry, 
agronomy, and horticulture are headed by extension specialists, 
responsible to the head of the resident instructional and ex¬ 
perimental work only in that the teaching in the field is to be 
in accord with that of the department, feel that the departmental 
head who already is dividing his time between teaching and 
research cannot advantageously divide his time and effort still 
further in order to give attention to ai line of work that is differ¬ 
ent and distinct from those already under his direction. 

Furthermore, the director of extension should feel the re¬ 
sponsibility for seeing that the maximxun amount of work is 
performed by the specialists in the different lines, and on their 
part the specialists will take a greater interest in their work and 
will be likely to get better results if they plan and direct the 
work and are held responsible for it than ff some one less closely 
associated with the work directed it. 

If the animal husbandman, the dairyman and the agronomist 
had the direction of the specialists in these lines, the extension 
director might find difficulty in accomplishing the special things 
he has in mind. They might differ in their opinion as to what 
lines of work should receive increased attention. A particularly 
ambitious man in one line of work might want most of the funds 
available put into his projects. 
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The resident teaching staff is not able to keep so closely in 
touch with the problems of the field as the extension specialists 
themselves. The latter consequently are in better position to 
plan and put across a strong program of work in the field than 
are the resident instructors. 

As one director puts it: 

Extension work must be projected in a community, county, or in the 
state, with a definite program, based on the agricultural needs of the 
community, county or state, and adapted to the local agricultural 
needs and home life of the community. In other words, this program 
must get closer to the needs of the respective communities of the State. 
In developing this program, the farm and farm home must be considered 
more and more as a unit, and the various lines of work so correlated 
as to make the farming and home life of these farms more profitable. 
Therefore, each line of work must have its proper place in the farm 
management scheme of the individual farm or the social and economic 
welfare of the community. In times past extension work has been 
largely projected by individual demonstrations in dairying, livestock, 
fruit growing, potato growing, etc., said demonstrations being con¬ 
ducted on farms and in communities, without any relation to each 
other. This form of demonstration work while it was helpful and 
a necessary step in the development of extension work that would 
have to be undergone to bring extension work to its present level, hiis 
profitably served its purpose: But the time has come when the farm must 
become the demonstration unit, and these varied lines of work correlated 
into a farm management program for the particular farm or community. 
For example, assuming that we were going to develop beef cattle produc¬ 
tion in a certain community or on a certain farm, this would naturally 
appear to be an animal husbandry project. However, there must be 
forage and feed crops for these cattle, and the agronomist must assist 
in developing the program. It would be hard to say which is the more 
important: the animal husbandman or the agronomist—both are 
equally CKSsential. Then, there may be a marketing problem which 
involves the help of a marketing specialist, and so on with other special¬ 
ists which would enter into the development of this particular program. 

Now, the extension director can visualize the program in a community 
or county, and correlate these various lines far better than the head of 
a departmental unit. Furthermore, it is a whole lot easier to correlate 
a group of specialists who are responsible to one head than it is for a 
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superintendent of extension to correlate the work of heads of depart¬ 
ments who are not responsible to him, but rather are responsible to 
the dean of the college of agricultui'c or the director of the experiment 
station. Furthermore, the head of a departmental unit is by the very 
nature of the work largely interested in his particular subject and 
unconsciously is bound many times to be onesided and look at things 
with this kind of viewpoint. Often he is not thinking in terms of an 
agricultural program as a whole, but rather a p^rt of it, and there is 
the possibilit}^ that due to his interest in his own particular line of work 
and his desire to see it developed, he may sell to a community or county 
something which they ought not to have, and which really does not 
fit into the community or county program. We have this happen 
periodically with specialists who arc over-zealous in their work; they 
get out in counties and attempt to put over some particular piece of 
work for which the county or community is not specifically adapted, 
but which the people can readily be talked into wanting. Of course, 
such a project fails. 

Then, too, many of the heads of our departmental units arc research 
men or resident teaching men, whose work has kept them closely at 
the college or experiment station, with the result that they have not 
been out over the state much and do not know cither the people or 
the agricultural needs of the state nearly so well as some head of an 
extension division whose business it is to be in touch with the people 
of the State and to be informed by personal contact with the agricultural 
needs of the various sections of the state, counties, and communities. 
It is my firm belief that no head of a department, either a research 
man or a resident teaching man, can develop a state-wide, constructive 
policy along his line of work unless he has had an opportunity for 
traveling the state and knows the practical needs of the various counties 
and communities. Therefore, his programs are not going to be as 
close to the people as we think necessary to make them practical. 
Extension work must get closer to the real needs of the people. This 
not only means that the subject matter presented to them must be 
more practical and adapted to their immediate needs, but also that 
the contacts must be closer and particularly the contacts of those who 
form the developmental policies of the respective lines of work carried 
on in various counties over the state. , 

Those who believe that the various departments of the col¬ 
lege should have the three functions: teaching, research and 
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extension, and that the purely administrative matters such as the 
making up of schedules, the supervision of financial matters and 
the arrangement of conferences should properly be handled by 
the extension director base their claims on the fact that such a 
plan brings the workers of all phases of a certain activity together 
under one leadership which makes unity of teaching, promotes 
harmony and eliminates many of the problems of competition. 

This arrangement kc^eps the extension men in close touch with 
the work that is being done in the department and keeps those 
in resident work in close touch with what is being done through¬ 
out the stale. Neitlier has to depend on occasional conferences 
since by officing and woi-king together they are constantly in 
touch with one another. An important part of the extension 
man’s work is to carry out to the people on the farm the results 
of investigations in the department. This can better be done 
by having tlie extension specialist a member of the department 
rathei* than of a separate organization. 

One director states: 

This institution has taken the position that resident teaching, exten¬ 
sion teaching, and experiment station work arc all phases of the same 
large problem, tliat of agricultural betterment. We have been in¬ 
clined t.o believ(5 that it is wise to have tlu^ college and experiment 
station staff in actual contact with the people of the state and their 
probhans, and for this n^asoii we have not been inclined to build up 
a large and independent body of extension specialists. Wc have, 
of cours(\ had a f(‘w, but our feeling now is that even those, in 
most instances, should have a detinite college and experiment station 
connection. 

Th(» idea that the extension specialists can carry out, second liand, 
the so-called *fi)ottlcd infonnation^’ of the college and experiment 
station to the people and bring back and turn over, second hand, the 
problems wdiich should be investigated by experiment station workers 
may be right in theory, but in practice it works out decidedly to the 
disadvantage of the college and experiment station workers wlio are, 
after all, and must always remain, the substantial sources of information 
for extension teaching. 

With all these facts in mind, we are, as far as practicable, asking 
our heads of departments to be responsible for resident teaching, for 
extension teaching and for investigation. 
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Another director adds this comment: 

We have here only one and not three departments for any one sub¬ 
ject. The plan has worked exceedingly well thus far and is a great 
improvement over the old arrangement where each division was prac¬ 
tically independent. Under such a system it was impossible to secure 
uniform teaching. 

We have stated conferences each quartei;, at which all college, 
station and extension workers are present. All questions of college 
policy are threshed out at these conferences and there are also frequent 
discussions relative to what constitutes sound advice to the fanners of 
the state. The organization being departmental there is every oppor¬ 
tunity for the college, station and extension workers within a department 
to keep in thorough touch with each other. 

There is evidently much to be said in support of each type of 
organization and it may be added that the testimony from each 
of the forty-eight states is that the type of organization prevail¬ 
ing in that state is working well. As nearly as the writer can 
judge the following states, twenty-seven in number, carry on the 
extension work largely independent of the teaching and research 
heads except for an advisory capacity and the supervision of 
subject matter: Arkansas, Delaware, Florida, Georgia, Idaho, 
Kansas, Louisiana, Maine, Maryland, Minnesota, Mississippi, 
Nebraska, Nevada, New Hampshire, New Jersey, North Dakota, 
Oklahoma, Oregon, Pennsylvania, Rhode Island, South Dakota, 
Tennessee, Texas, Utah, Vermont, Washington and Wyoming. 

Those in which the extension work, save for administrative 
matters, is handled largely within the several departments so 
that each department is the unit for teaching research and ex¬ 
tension are twenty-one in number, as follows: Alabama, Arizona, 
California, Connecticut, Colorado, Illinois, Indiana, Iowa, Ken¬ 
tucky, Missouri, Montana, Michigan, Massachusetts, New York, 
New Mexico, North Carolina, Ohio, South Carolina, Virginia, 
West Virginia and Wisconsin. 
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METHODS EMPLOYED IN INFOTIMING EXTENSION WOEKERS OP 
RESULTS OF EXPERIMENTAL WORK IN PROGRESS AT THE 
EXPERIMENT STATIONS 

One of the clangers of extension work is that on account of the 
large demands for service in the field, meetings, conferences, 
demonstration work and the like, the extension worker finds but 
little time for reading and for keeping up to dale concerning the 
results of the most recent investigations in his line of work. The 
extension worker cannot afford either for his own sake or for 
that of the people he serves to neglect keeping himseff abreast 
of the times. Most extension directors specifically suggest that 
the specialists .spend at legist one day per week at headquarters 
for the purpose of conferences, office work and the keeping in 
touch with the latest developments in their respective lines of 
work either at their own exjjeriment station or through the 
bulletins issued by other stations. 

Some of the suggestions that have been made as to how the 
extension workers could best keep well informed are as follows: 

Weeklj^ departmental conference, at which time all members 
of the department, including station workers, college workers 
and extension men are are called in. At this time each division 
reports any progi ess of work in the department and the extension 
man reports any progress that is made in his work throughout the 
State. 

The presentation of the experimental work in detail by the 
director of the experiment station before the extension staff 
yearly, or oftener. 

The location of the extension men with the department in 
which they do their work. 

The publication of a weekly agricultural news letter. 

One institution expects the extension workers to remain at 
the college one w’eek out of three. This gives them an oppor¬ 
tunity to get in touch with the experimental work in progress 
and to keep in close association with those who are engaged in 
teaching and in experimental work. 

In certain institutions the entire extension force visits the 
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different departments every two or three months. The head 
of the department presents the projects and tells of the progress 
being made in the various experiments under headway. 

Special meetings are held at times when the experiments can 
best be inspected and lessons drawn from the work in progress. 
In Ohio a wheat day was held, when the matters of crop rotation, 
varieties and fertilization were discussed.- The crops were in 
such a stage of maturity that lessons could best be drawm. 

In some states a monthly news letter is sent out to the county 
agents and the extension representative. These write-ups give 
account of the experimental work in progress and afford oppor¬ 
tunity for the resident instructional and experimental staff to 
place before farmers the latest results and lessons from experi¬ 
mental investigations. 

KEEPING COLLEGE AND EXPERIMENT STATION WORKERS INFORMED 
AS TO THE PROBLEMS AND CONDITIONS IN THE STATE 

College teachers and those engaged in research are just as 
likely to grow stale in certain directions as the extension worker. 
The local character of teaching and experimental work with 
the consequent lack of opportunity to get into first hand touch 
with the people of the state and their problems makes the teacher 
and the investigator constantly dependent on the extension worker 
for knowdedge of the actual situation in the field and of the most 
pressing problems that call for investigation. 

Many of the directors of experiment stations and extension 
service as well as heads of departments feel that where the de¬ 
partment is the unit for the three lines of work and the extension 
workers are located with the department the organization itself 
naturally takes care of this problem since the teaching staff, the 
research men and the extension workers are intimately associated. 

Some of the suggestions for keeping those engaged in resident 
work informed as to the situation in the field are the following: 

At the beginning of the year the specialist prepares a plan for 
the year’s work, which after approval by the head of the depart¬ 
ment, is placed in the hands of the dean of the college of agricul¬ 
ture. Quarterly reports are made of the work being done by 
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the extension specialists, from which the college can judge of the 
progress made by the extension agents in carrying out the plan 
of work for the year. 

An attempt is made in some institutions to keep the resident 
workers in touch with extension matters by inviting the subject 
matter heads to take part in extension conferences, when pro¬ 
grams of work are being formulated. 

Members of the teaching and station staff are frequently 
informed regarding the problems in the state, through occasional 
farm visits and definite assignments to extension work, such as 
judging, demonstration and lecture work. 

In some States the extension service holds a public conference 
every Monday morning, which is open to all those who care to 
attend. In other States these conferences are held once a 
month and the experiment station likewise holds a monthly 
conference to which the extension representatives are invited. 

Copies of annual extension reports as well as various other 
reports are filed in one state with the chainnan of the dairy 
department. In the future it is planned to file carbon copies 
for each trip report with him, so that the department may be 
kept posted with all information on field activities up to date. 
In other states a summary of the county agents and extension 
speciali.sts weekly or monthly reports are prepared and sent 
to the college and station workers. 

A unique publication is issued at one institution which con¬ 
tains statements dealing with teaching, research and extension. 
It represents the interests of the whole institution rather than 
of the extension department solely. The members of the staff 
are thus kept informed as to the progress in the different 
departments. 

DIFFICULTIES 

The problems are not all solved by any means. Many diffi¬ 
culties present themselves both to the college and experiment 
station workers as well as to the extension workers. The most 
common obstacles in the way of resident work appear to be a 
lack of money and equipment for teaching and research. The 
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extension man usually runs up against problems which need an 
immediate solution. Usually these problems cannot be solved 
by the experiment station immediately on account of the fact 
that other experiments may already be under headway. College 
dairy herds are not large enough to use on the very extensive 
experiments and this condition cannot be remedied except 
with an enlargement of the dairy activities of the college and the 
experiment station. 

Some of the extension workers feel that the experiment station 
staff is devoting too much attention to problems that have long 
ago been solved either by the people of the state or by other 
experiment stations. In other words, they are running experi¬ 
ments that are not of present interest to the people. They 
feel that marketing, farm management and agricultural economics 
have not received their just portion of the experiment station’s 
attention and that these are really the important present day 
problems on which they need the most help. 

One criticism of teaching and research work has been that 
the commercial application is limited. In many cases the in¬ 
dustry cares little for basic findings which bear in a general way 
on the industry. Scientific resxdts are preferred which can be 
immediately applied and which will increase the returns and 
lessen the efforts of the dairy farmers of the state. 

Another of the difficulties from the extension standpoint is 
in obtaining definite and usable information from the subject 
matter departments in such form that it may be used for exten¬ 
sion meetings. 

Extension work in most states has had more funds available 
than has research or college work. The result has been that 
extension work has out-run the other lines of activity and is 
calling for the solution of problems which the experiment station 
with its present facilities is not in position to undertake. 

The successfxil teacher and research man is frequently drawn 
upon for so many talks and reports concerning his investigations 
that he finds his research work very much handicapped from 
the point of being able to devote a proper amount of time to it. 
There has been a feeling at times that the extension work gives 
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a better opportunity for acquaintanceship throughout the state, 
and for this reason college men are prone to neglect their resident 
work for some form or other of extension activity. 

Regular class work interferes with extension work and if the 
men are taken out of classes to do extension work this seriously 
handicaps the instruction. 

Men who give all of their time to instructional work some times 
feel that they are not making the progress for themselves that 
the station and extension workers are. 

The director of one experiment station makes the following 
comment: 

All progressive members of our extension staff recognize that station 
research has not been keeping pace with the development of agricul¬ 
tural extension. The remedy lies in the employment of better trained 
research workers, a greater degree of (iodperation in research at our 
invstitutions and more adequate financial support of station research. 

The difficulties that the college and station workers experience in 
their dealing with extension problems are concerned chiefly with the 
failure of the average extension worker to keep himself posted on the 
progress of agricultural research in this country and abroad. The 
average extension worker does not read and study sufficiently to be 
of the greatest value to his institution and to his constituency. More¬ 
over, any college or station worker who shows progress in his chosen 
field is promptly appropriated by the extension service and ultimately 
is compelled to neglect his research, and at times even his teaching, to 
meet the needs of the extension service. 

One extension specialist in dairying makes the following 
suggestion: 

My own personal opinion is, after four years' experience, that the 
future extension man must be first of all an investigator. He ap¬ 
preciates the problems in a much different way than does the man who 
is solely investigator. Then he must have the additional qualification 
of being able to present clearly to good audiences the results of his and 
of other investigations. Instead of so much lecturing, as he is now 
doing, he will go into the field and find out what the problems are and 
solve them if possible, because primarily the farmer is most interested 
in the solution of his problems. 
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The director of extension in another state comments as follows: 

Some of the chief obstacles and difficulties from the extension point 
of view concerning the college and station work are, first, that the 
general agricultural public is not always interested and for that reason 
do not always support the work being done at the College and Experi¬ 
ment Station. This lack of support, 1 believe, is largely due to the 
fact that the general i>ublic or even the readers in agricultural affairs 
have no part in planning and determining of problems for investigation 
and research. I believe the way to overcome this difficulty is to 
secure the cooperation of all parties concerned before a problem of 
research is undertaken. The parties concerned here consi.st of the 
experiment station staff, the farmers, and the extension workers. 
These people should get together or their representatives, and discuss 
freely and carefully the problems that arc most in need of .solution and 
the ones that the farmers are mo.st anxious to have solved. This 
will bring, I believe the interest and support of the farmers. The 
extension workers can assist the experiment station men in maintaining 
the proper contact with the field during the process of invesf igation. 
The research man will lie more likely to keep his work more nearly in 
line with the immediate needs of agriculture and through the extension 
service can make the proper contacts with the farmers. 

Something of the same difficulty obtains on the part of the research 
man with regard to the extension work as obtains on the part of the 
farmer with respect to re.search work. The investigator must know 
more about the farmers’ point of view and be able to make better 
contacts -with the field conditions in order for him to become thoroughly 
cognizant of the position and point of view of the extension workers. 

The general consensus of opinion is that the chief difficulties 
between extension activities and college and station work result 
from the lack of a proper understanding and appreciation of the 
functions of the experiment station, the college of agriculture and 
the extension service. It is suggested that the teaching force, the 
investigators and the extension workers in a particular field of 
activity, such as dairying, have their offices in the same building, 
and that all workers be called together at frequent intervals to 
discuss problems in each line of work so as to promote common 
interest and mutual understanding. 
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Difficulties and misunderstandings may largely be eliminated 
by the employment of a satisfactory personnel in the three lines 
of work, and by establishing and maintaining close personal 
contacts between the different classes of workers. Personnel is 
of especial importance. The best of plans will fail in the hands 
of an inferior personnel, whereas an ordinary plan will be im¬ 
proved and made to work satisfactorily in the hands of the right 
kind of men. One of the principal (qualifications of a satisfactory 
personnel is a sincere spirit and an honest desire to give good 
service and the absence of jictty selfishness and over-sensitiveness 
about credit. There should be a mutuality of interests among 
college, station and extension men, each recognizing the function 
of the other and the impossibility of the exercise of any of these 
functions without common sense and wholesome relationship 
among the groujis. \V<! all need to be imbued with the spirit 
of unselfish public service. 

We need to recognize that teaching, investigation and extension 
are component parts of one great organization for the improve¬ 
ment of agriculture and that the best way for each of us to get 
the most good from the organization is to do all in his power to 
make that organization a success. 
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The alcohol test is being used to some extent as a test for 
grading milk. The test is usually made by adding 2 cc. of milk 
to 2 cc. of alcohol in a test tube. The test tube is then closed 
with the thumb, inverted se^'eral times and examined. If no 
precipitate is formed the test is said to be negative, and if a 
precipitate is formed the test is said to be positive. The strength 
of the alcohol used is usually (18 or 70 ])er cent by volume. 

When the test first came into use in 1890 it was regarded 
largely as a measure of acidity. However it was soon found 
that fresh milk from individual cows frequently coagulates and 
that the test M^as dependent upon other factors as well as upon 
acidity. Nevertheless the test was still used for it w\as thought 
that besides acidity it detected other undesirable characteristics. 
Thus Ernst (1) believed that a positive test of fresh milk was 
due to irritation of the milk glands. Ruhm (2), Rullman and 
Trommsdorf (3), and Campbell (4) claimed that a positive test 
was due to infected or diseased udders. Metzger (5) found 
that infection of the uterus and animals lean from disease caused 
a positive test. Auzinger (0) stated that milk from cows with 
infected vaginas and cows that had aborted was positive to the 
test. Henkel (7), Metzger (5) and Auzinger (0) found that 
colostrum milk influenced the test. 

1 Published with permission of the Director of Wisconsin Agricultural Experi¬ 
ment Station. 

* The work presented in this paper constitutes the thesis of T. H. Binney, 
submitted in partial fulfillment of the requirements for the degree of Master of 
Science in the graduate school of the University of Wisconsin, 1922. 
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These various causes listed in the literature are only remote 
causes, they are operative only in so far as they aff ect the chemi¬ 
cal composition and properties of the milk. As far as we are 
aware the only other direct causes mentioned besides acidity are 
the effect of rennet forming organisms studied by Ayers and 
Johnson (8), and the effect of the milk salts, especially calcium, 
observed by Auzinger (G). 

Thus it is apparent that our knowledge of the direct causes for 
the alcohol coagulation is incomplete. It is the purpose of the 
work reported in this paper to determine the factors influencing 
the alcohol test and to study their relative importance. 

METHOD USED 

In this work both 70 and 7o ])er cent alcohol by volume were 
used. The alcohol used was distilled in the presence of sodium 
hydroxide to remove any acid which might be present. This 
distilled alcohol was then adjusted to the desired strength by 
the addition of distilled water. The strength was determined 
by means of the Westphal balance. The 70 per cent alcohol by 
volume was adjusted to a specific gravity of 0.8900 at lo°C. 
and the 75 per cent alcohol by volume to a specific gravity of 
0.8773. 

In each case, except where otherwise indicated throughout 
this w'ork, 2 cc. of milk were added to 2 cc. of alcohol in a test 
tube. The test tube was then closed with the thumb, invert.ed 
several times and examined for the appearance of the precipitate. 
The mixtures were then very carefully examined and on the 
appearance of the slightest precipitate the tests were called 
positive. Any additional methods used in this work will be 
explained when the experiments in which they were used are 
discussed. 


THE EFFECT OF MILK SALTS 

It is a well knowm fact that electrolytes have a very marked 
effect on the stability of colloids, especially electrolytes that 
yield doubly and triply charged ions on dissociation. In the 
case of milk we are dealing with a colloidal solution of albumin 
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and casein in the presence of the milk salts containing the biva¬ 
lent calcium and magnesium and the trivalent phosphate and 
citrate radicles. We would expect, then, that the stability of 
the milk proteins would be influenced by the amounts of these 
salts present. Van Slyke and Hart (9) and Van Slyke and 
Bosworth (10) actually found in working with calcium com¬ 
pounds of casein that the presence of small amounts of soluble 
calcium salts have a very marked effect upon the solubility of 
the casein compounds. 

More recently it has been shown by Sommer and Hart (11) 
that the calcium and magnesium and the citrates and phosphates 
present in the milk have a very marked effect upon the heat 
coagulation of milk, as in the sterilization of evaporated milk. 
It was shown that there is a balancing effect between calcium 
and magnesium on the one hand, and the citrates and the phos¬ 
phates on the other, the proper balance of these producing the 
most stable condition, an excess of either of these causing the 
milk to coagulate more readily on heating. 

That the milk salts are also of importance in the alcohol test 
was indicated by the work of Auzinger (6). Working with the 
milk from three cows he w'as able to change the alcohol test from 
negative to positive by feeding each cow 120 grams of calcium 
phosphate per day. However, other investigators have con¬ 
tinued to give other reasons for the test and as a result have 
either contradicted or obscured Auzinger’s conclusions. 

In order to determine experimentally what effect the various 
milk salts have on the alcohol test they were added to milk in 
varying amounts and the alcohol test applied. Fourth-molar 
solutions of calciiun acetate, magnesium chloride, potassium 
chloride, di-potassium phosphate and sodium citrate were pre¬ 
pared and added to 25 cc. of fresh milk in a series, increasing the 
amovmts of the salt solution by 0.1 cc. In each series the dilu¬ 
tion was equalized by the addition of the proper amount of 
distilled water. The results are given in table 1. Table 1 
shows that 0.2 cc. of m/4 calcium acetate and 0.1 cc. of m/4 
magnesium chloride added to 25 cc. of fresh milk was sufficient 
to cause a positive reaction with the alcohol test. These addi- 
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tions are equivalent to an increase of 0.0112 and 0.0040 per cent 
CaO and MgO, respectively. As high as 0.9 cc. of m/4 potassium 
chloride, di-potassium phosphate, and sodium citrate were 
added to 25 cc. of milk and the milk still gave a negative test 
with alcohol. 

The results show that a slight increase in the calcium or mag¬ 
nesium content of the milk will cause a positive reaction with the 
alcohol test, while an increase of potassium, sodium chloride, 
citrate and phosphate will not cause a positive test. 


TABLE 1 

Efecl of salts on alcohol test 



* Plus and minus signs indicate positive and negative alcohol tests respec¬ 
tively, under the conditions indicated in the table. 


SALT BALANCE 

In order to determine whether the effects of the milk salts 
on the alcohol test counteract each other in a manner similar to 
the salt balance demonstrated in the heat coagulation, the effect 
of various combinations of salts was studied. 

Table 2 shows the results of the alcohol test on three different 
combinations of salts in varying proportions. Using the same 
fresh milk throughout the experiment three series of samples 
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were prepared. Each series consisted of ten portions of 25 
cubic centimeters each. To each of the samples in all three 
series 0.5 cc. of m/4 calcium acetate was added. This was 
sufficient to make the alcohol test distinctly positive. To these 
three series m/4 di-potassium phosphate, potassium chloride, 


TABLE 2 

The effect of softs on the alcohol test 
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TABLE 3 

The effect of salts on the alcohol test 



and sodium citrate, respectively, were added in amounts ranging 
from 0.1 to 1.0 cc. On applying the alcohol test it was found 
that the coagulation caused by the 0.5 cc. of m/4 calcium acetate 
was prevented by 0.5 cc. of m/4 sodium citrate and by 0.6 cc. 
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of di-potassium phosphate. The potassium chloride did not 
counteract the effect of the calcium salt. 

Table 3 shows the results of the alcohol test on three series 
similar to those in table 2. Instead of using calcium acetate to 
cause the milk to become distinctly positive, m/4 magnesium 
chloride was used in table 3. It was found that the coagulation 
caused by the 0.5 cc. of m/4 magnesium chloride was prevented 
by 0.8 cc. of m/4 di-potassium ])hosphate, and 0.5 cc. of m/4 
sodium citrate, respectively. The potassium chloride did not 
prevent the coagulation caused by the magnesium chloride. 

These experiments demonstrate that the salt composition of 
the milk has a marked effect upon the alcohol coagulation. Small 
increases in the amount of CaO (0.0112 per cent) and MgO 
(0.0040 per cent) cause a positive alcohol test. The effect of 
the calcium and magnesium is counteracted by the citrates and 
phosphates in the milk, so that a positive test with fresh milk 
depends upon the relative amounts of these four salts present 
in it. 

The importance of the salt composition of the milk as a factor 
influencing the alcohol coagulation becomes more apparent 
when we compare the amounts of the salts that will produce an 
effect on the coagulation with the amounts of these salts normally 
present in milk. In the above experiments it was demonstrated 
that an increase of 0.0112 per cent in the CaO content changed 
a negative sample to a positive one. Compare this with the 
normal differences that are found between samples of milk, 
Sommer and Hart (11) in an analysis of 30 different samples 
found the CaO content to vary from 0.132 to 0.210 per cent. 

FEEDING EXPEEIMENT 

The effect of the salts on the alcohol coagulation has thus far 
been demonstrated entirely by their addition to various samples 
of milk. The additions of salts which were found effective were 
very small, well within the limits of normal variation of these 
compounds in milk. In spite of these facts there might be doubt 
in the minds of some people because these salts were added and 
were not secreted by the cow as a part of the milk. In order to 
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overcome this objection a feeding experiment was conducted to 
determine what effect the feeding of calcium would have on the 
alcohol test. 

Three heavy producing cows in the middle of the lactation 
period were selected for the experiment. The time of the experi¬ 
ment was divided into four periods. The first or pre-period 
was an observation period to determine how far from the coagu¬ 
lating point the milk of the animals was, and to note fluctuations 
and irregularities in the test. During the second period which 
was from the eighth to the fourteenth day, 50 grams of calcium 
carbonate was fed to each animal per day. The third period, 
from the fourteenth to the twenty-second day, the animals were 
fed 100 grams of calcium carbonate per day. During the fourth 
period, from the twenty-second to the twenty-eighth day, each 
animal was fed 200 grams of calcium carbonate per day. The 
fifth period immediately followed the feeding of the last of the 
calcium carbonate, up to the time the milk reached the same 
condition as in the pre-period. The basal ration during the 
entire experiment consisted of 14 to 16 pounds of grain mixture 
(500 pounds corn; 200 pounds oats; 200 ))ounds bran; 100 pounds 
oil meal); 10 pounds of alfalfa hay and 30 pounds of corn silage. 
On the evening of the twenty-fourth day the cows refused to 
eat all of the calcium carbonate. The next day only 100 grams 
were fed. On the twenty-sixth day 200 grams were again fed 
and the feeding continued without any changes in amounts. 

On the basis of the preceding demonstration that the milk salts 
are an important factor in the alcohol coagulation, an attempt 
was made to measure the extent to which a sample was positive 
or negative. If a sample was negative 5 cc. of milk was taken 
and m/20 calcium acetate was added in amounts just sufficient 
to cause a positive test. This amount is indicated in column 3 
of table 4. Similarly, if the sample was positive 5 ce. of milk was 
taken and m/20 potassium phosphate was added in amounts 
just sufficient to cause a negative test. This amount is re¬ 
corded in column 4 of table 4. The results are more strikingly 
pictured in graphs 1, 2 and 3. 
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TABLE 4 —Continued 
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It is not to be inferred that the change in the composition of 
the milk can be calculated directly from the amount of m/20 
calcium acetate and m/20 di-potassium phosphate added in the 
above manner. This procedure was used merely as a convenient 
measure of the degree to which the alcohol test was either 
negative or positive. That there actually was no appreciable 
increase in the total amount of calcium oxide in the milk as the 
result of feeding the calcium carbonate is shown in table 5. 

KELATIVE IMPOETANCE OF THE EFFECT OF ACIDITY AND OF 
THE MILK SALTS 

The relation of the acidity to the alcohol test has received 
much consideration, and the assumption at first was that the 
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Graph 2. The Effect of CaCO* in the Ration on the Alcohol Test of the Milk. Cow- 
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alcohol test was a good measure of the acidity. However it 
has been shown by a number of investigators that there is no 
strict parallelism between the alcohol text and the acidity. 

Dahlberg and Gamer (12) found that the results of a study of 
211 samples of milk “showed conclusively that there is no direct 
relation between coagulation of milk with 75 per cent alcohol 
and the acid content of the milk as measured by titration.” 

This lack of agreement between the alcohol test, acidity, and 
also the bacterial counts, is most strikingly demonstrated in the 
results of Ayers and Johnson (8). Thirty-five samples of raw 
market milk ranging in acidity from 0.14 to 0.32 per cent and in 
bacterial count from 2100 to 21,200,000 per cubic centimeter 


TABLE s 

The effect of feeding CaCOz on the CaO content of the milk 
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were alcohol positive to 75 per cent alcohol while 142 samples 
with acidity ranging from 0.00 to 0.19 per cent and bacterial 
counts from 2000 to 19,000,000 were alcohol negative. From 
their results they “believe that there is no definite relation 
between the alcohol test and the bacterial count, except in 
special cases where the bacteria have developed to a point where 
there is sufficient acid produced or where rennet-forming bacteria 
have acted sufficiently to influence the test.” Ayers and John¬ 
son (8) attempted to account for these wide discrepancies by 
pointing out (o) that in the early stages of bacterial growth 
the development of acid and rennin-like enzymes is very slow 
in proportion to the bacterial growth, (h) that there may be 
inert bacteria present that may contribute to the bacterial count 
without contributing to the acidity, (c) that there may be other 
bacteria present that develop but do not affect the alcohol 








COAGULATION OF MILK IN ALCOHOL TEST 


189 


coagulation. This explanation seems inadequate to account 
for the wide discrepancy which they observed, the bacterial 
count in 142 alcohol negative samples ranging from 2000 to 
19,000,000 per cubic centimeter. Moreover, this explanation 
cannot possibly account for their results in which out of 35 
samples of raw milk that were alcohol positive, 10 samples 
had bacterial counts ranging from 2100 to 67,000 per cubic 
centimeter. In these cases, in the light of their explanation, 
there certainly could not have been sufficient change produced 
by the bacteria to cause a positive alcohol test, nevertheless, the 
tests actually were positive. 

These discrepancies can easily be accounted for if we take into 
consideration the effect of the milk salts. In order to determine 
experimentally the relative importance of the effect of the milk 
salts and the effect of acidity the following experiment was 
conducted: 

A sample of milk was divided into two lots. One lot was kept 
sw'eet; to the other lot a small amount of starter w^as added and 
it was allowed to develop an acidity of 0.42 per cent. By mixing 
these tw'o lots of milk in proper proportions three series of milk 
samples were prepared, each series ranging in acidity from 0.12 
to 0.38 per cent. Twenty cubic centimeters of the milk was 
placed in each beaker of three series. The first series was allowed 
to remain normal; O.t cc. m/4 calcium acetate (equivalent to 
0.007 per cent CaO) w'as added to the second, and 0.1 cc. m/4 
potassium phosphate (equivalent to 0.0088 per cent P 2 O 6 ) was 
added to the third. The milk was then tested with the alcohol 
test and the results tabulated. 

As shown in table 6 normal milk became positive to the alcohol 
test when the acidity had reached 0.26 per cent. The milk to 
which calcium acetate had been added became positive at 0.20 
per cent acidity; and the milk to which potassium phosphate 
had been added did not become positive until the acidity had 
reached 0.30 per cent. 

The results of this experiment show: 

1. That acidity affects the alcohol test. 

2. That the effect of the acidity and the salts are additive. 
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3. That 0.0070 per cent CaO is equivalent to an increase in 
acidity of 0.00 per cent. 

4. That 0.0088 per cent P2O5 is equivalent to a decrease in 
acidity of 0.04 per cent. 

From this we can conclude that the effect of the milk salts is 
of such importance that it can easily account for any lack of 
correlation between the alcohol test, acidity, and bacterial 
counts. 


TABLE 6 

Relative effect of the acidity and of the 7nilk salts on the alcohol test 


20 OC NORMAL MILK 

20 OC MILK PLUS 0 1 OC. m/4 Cb 
ACSTATIC 

20 cx: MILK PLCrs 0 1 CC 
m/4 K PBOftPHATB 

Aridity 

Alcohol teBt 

Acidity 

Alcohol test 

Acidity 

Ah’ohol test 

75 per cent 

70 per cent 

76 iier c'ent 

70 i)er cent 

75 per cent 

70 per cent 

0 12 

_ ♦ 

_ 

0 12 

— 

— 

0 12 

— 


0 14 

— 

— 

0 14 

— 

— 

0 14 

— 


0 16 

— 


0 16 I 

— 

— 1 

0 16 

- 

— 

0 18 

- 

— 

0.18 

- 


0 18 

- 


0 20 

- 

— 

0 20 

4- 


0 20 


- 

0.22 

... 

— 

0 22 

+ 

+ 

0 22 

- 


0.24 

— 

— 

0 24 

4- 

+ 

0 24 

- 


0 26 

4- 

— 

0 20 

4- 

4- 

0 26 



0 28 

+ 

+ 

0 28 

4- 

4* 

0 28 

- 


0 30 

+ 

4“ 

0 30 

4- 

1 ’4- 

0 30 

+ 

- 

0.32 

+ 

4- 

0 32 

4- 

+ 

0.32 

4- 

-f 

0.34 

4- 

4- 

0 34 

4- 

4- 

0 34 

-f 

4- 

0.36 

4” 

4- 

0 36 

4- 

4- 

0.36 

4- 

4- 

0.38 

-h 

4- 

0 38 

4“ 

4- 

0.38 

4“ 

4- 


* See table 1. 


INFLUENCE OF THE ACTION OF RENNET 

The action of rennet has been studied as one of the factors 
which influence the alcohol test. Ayers and Johnson (8) tried 
the effect of prepared rennet and rennet of bacterial origin on 
the test. 

In this work two experiments were also conducted. First, the 
action of prepared rennet was tried. Rennet was added to 
six flasks of fresh milk to form dilutions ranging from 1 part of 
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rennet to 25,000 parts of milk, up to 1 part of rennet to 150,000 
parts of milk. For the first fifteen minutes the milk in each 
flask was tested by the alcohol test at intervals of five minutes. 
At the end of that period the milk was tested at intervals of 
fifteen minutes until the milk in each flask became positive. 

An examination of table 7 shows that the flask of milk of the 
lowest dilution was first to show a positive test, the time being 
thirty minutes. The flask of milk of highest dilution became 
positive in one hundred and eighty minutes. 

It is evident that rennet will produce changes in milk which 
will cause a positive test. The amount of rennet and the time 
it is allowed to act are determining factors. The acidity of the 


TABLE 7 

Influence of prepared rennet on alcohol test 


TIME IN MINUTES 

1 0 

1 


5 

1 '» 

1 . 

1. 

1 

5 

30 

45 

60 

90 

120 

180 

Alcohol (per cent by \oluine) 

75 

|70 

7.> 

i70 

75 

70 

i75 

70 

75 

70 

75 

70 

75 

70 

75 

70 

75 

70 

75 

70 

Dilution: 

1:150.000 

i 

i— . 


j - 





1 










i 

4- 

+ 

1:125.000 . . 


L 

— 


- 

— 

— 

— 

- 


- 

— 


— 

- 

- 

+ 

+ 

4- 

+ 

1:]00,(K)0. 

- 

"”1 

_j 

— 



_ 


— 

u 


- 



-f 

+ 

-f- 


+! 

4- 

1:75,000 . 


1 

! 

- 

_ 

1- 

- 

- 

- 

- 


- 

-f 


+ 

+ 


+ 

+1 

+ 

1:50,000 . 

- 

- 


1 

1 


- 

- 



- 

+ 


4- 


-f 

+ 


4- 

+ 

+ 

1:25,000 

- 


““j 


— 

r" 

— 

1 

+i+ 








±1 

□ 

4- 


* See table 1. 


milk did not increase sufliciently to affect the test in the short 
time the experiment was run and tlierefore can be disregarded. 

In order to determine the importance of the rennet forming 
organisms as a factor influencing the alcohol test, an experiment 
was conducted in which sterilized milk was inoculated with a 
culture of a rennet forming organism. 

Ayers and Johnson (8) had carried on several similar experi¬ 
ments in which they inoculated sterilized milk with a rennet 
forming organism and determined the bacterial count at the 
time the alcohol test became positive. They found that as 
high a count as 9,000,000 and 15,000,000, per cubic centimeter 
was required before the milk became positive. As a measure 
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of the relative importance of rennet forming organisms as a 
cause for the alcohol test, their experiment is open to criticism; 
it does not take into consideration the fact that heating the milk 
removes it farther from the coagulating point. 

Auzinger (6) found that milk which gave a positive test at 
15°C. sometimes did not give the test after it had been heated 
for thirty minutes at C0°C. Ayers and Johnson also investigated 
the effect of heat on the alcohol test and found that milk w'hich 
had been positive frequently w^as negative after it had been 
heated. 

No explanation has been offered for this change from positive 
to negative as the result of heating. This change can now 
readily be explained on the basis of the effect of the milk salts. 

It has been demonstrated by numerous investigators, Sold- 
ner (13) Boekhout and De Vries (14), Purvis, Brehaut and 
McHattie (15), and Grosser (10), that when milk is b(nled a 
precipitation of a portion of the calcium ]ihos])hates occurs, the 
amount of precipitation being proportional in general to the 
degree and duration of heat applied. 

Since small amounts of calcium will cause a positive test, a 
reduction in the soluble calcium as a result of the heating can 
readily account for the change from positive to negative. A 
reduction in the soluble calcium w ill not only change a positive 
sample to a negative but will make a negative sample even more 
negative. T'herefore, conclusions drawn on the basis of work 
with sterilized milk are misleading. 

In order to overcome this objection to the use of sterilized 
milk, an attempt was made to adjust the sterilized milk in such 
a manner that it was negative to the same degree as the un¬ 
sterilized milk. 

A sample of fresh milk was divided into 200 cc. lots and placed 
in flasks. Twentieth-molar calcium acetate w'as added to one 
flask until it just showed a positive reaction. The remaining 
flasks of milk were sterilized. To one of the sterilized flasks of 
milk m/20 calcium acetate was how added until the milk just 
showed a positive reaction to the alcohol test. Since some of 
the calciiun had been precipitated by the sterilizing process. 
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this heated milk required more m/20 calcium acetate to make 
it positive. The difference in the amounts of m/20 calcium 
acetate necessary to cause a positive reaction in the raw and 
in the sterilized milk indicated how much calcium to add to 
bring the milk to the original position relative to the coagulating 
point. This amount of sterilized M ^20 calcium acetate was 
then added to each of the remaining flasks of milk. Each flask 
was inoculated with a pure culture of a rennet forming organism 


TABLE 8 

Influence of rennet of hncterial origin 


SAMPLE 

AMOUNT or 
MILK 

m/ 20 ('a 

ACETATE ADDEI>! 
TO FRESH 
MILK 

M'20(’a 

ACLT4TE ADDED 
TO 8TF.niLI7EI> 
MILK 

DIFFERENCE 
IN AMOUNT OF 
('a ACETATE I 

ACTERIA 

COLNT^ 


cc 

CC 

CC 



1 I 

1 

200 

3 2 

S 8 

5 6 ( 

1 

700,000 
7G0,000 

2 

200 

3 2 

8 8 

5.6 1 

500,000 
700,000 

3 

200 

1 

; 3.2 

1 8 8 

5 0 1 

080,000 
1,000,000 

4 

200 

4 8 

8 0 

3.2 1 

800,000 
mi 000 

5 

200 

4 8 

S 0 

3 2 1 

1, KI0,000 
970,000 

G 

200 

1 4 8 

i 

8 0 

3 2 1 

780.000 
0^H),000 

Average. . . 

200 

4 0 

8 4 

44 

855, 830 


and then incubated at 37°C. The milk was tested at definite 
intervals, and when the first positive test was obtained, the 
milk was plated on lactose agar to determine the bacterial count. 
The results are given in table 8. 

An average of six samples shows the bacterial count to be 
855,830 per cubic centimeter. These results demonstrate that 
the rennet forming organisms are of greater importance than the 
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results of Ayers and Johnson (8) indicated. However, it is only 
in exceptional cases that the nmnber of rennet forming organisms 
present in milk approaches even the above figure; so that we 
must conclude that the rennet forming organisms are a minor 
factor in the alcohol coagulation. 

DISCUSSION 

The adherents to the alcohol test claim that it depends upon 
factors all of which give undesirable characteristics to the milk, 
such as: (a) acidity, (b) colostrum milk, (c) diseased udders, 
(d) diseased cows, etc. This had generally led to the belief that 
a positive test invariably indicates that such milk is undesirable 


TABLE 9 

Summary of factors influencing the alcohol test 


FACTOR 

EFFECT ON THE QUALITY 
OF THE MILK 

ELIMINATION OF THE'^B 
FACTORS BY FARMER 

Salt balance 

Not undesirable 

Cannot be eliminated 

Acidity 

l^ndesirable 

Can be eliminated 

Rennet forming organisms 

Undesirable 

Can be eliminated 

Colostrum 

I'ndcsirable 

Can be eliminated 

Diseased udders 

Undesirable 

Can be eliminated 

Diseased cows 

Undesirable 

Can be eliminated 


and should be discarded. The question arises as to whether 
or not all milk discarded on the basis of the alcohol test is really 
imdesirable milk. On the basis of the results of this investiga¬ 
tion the question would have to be answered in the negative. 

Our present knowledge of the alcohol test will warrant the 
tabulation of factors as shown in table 9. In this table, for the 
sake of discussion, we may enumerate such factors as colostrum, 
diseased udders, and diseased cows, although these are not 
direct factors, but are effective only in so far as they alter the 
chemical compmsition of the milk. 

In table 9 the salt balance causing a positive alcohol test is 
listed as “not undesirable.” This statement needs modification 
in the case of milk to be used in the manufacture of evaporated 
milk. By a comparison of the effect of the salts on the alcohol 
coagulation as shown by this study, and their effect on the heat 
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coagulation as found by Sommer and Hart ( 11 ) it is seen that 
both the alcohol and the heat coagulation are produced by an 
excess of calcium and magnesium over citrates and phosphates. 
The results of these two independent studies indicate that the 
alcohol test may be helpful in detecting the milk which causes 
the troublesome heat coagulation in the sterilization of the 
evaporated milk. This conclusion is in harmony with the con¬ 
clusion of Dahlberg and Garner ( 12 ) that milk giving a positive 
alcohol test when concentrated into evaporated milk will coagu¬ 
late more readily than alcohol negative milk. Therefore from 
the standpoint of evaporated milk manufacture the salt balance 
might have to be listed as ^^undesirable^ ^ in table 9. However, 
since the salt composition of the milk is not under the control of 
the producer, it is questionable whether a test of this kind would 
be just to the producer. 

Although there are no direct observations available to show to 
wdiat extent the milk salts are responsible for the positive alcohol 
test as applied to market milk, we can readily draw a conclusion 
as to the importance of the milk salts by comparing the normal 
variations in the milk salts with the amounts found effective 
in causing a positive test. 

Sommer and Hart ( 11 ) in an analysis of thirty samples of 
milk found the CaO content to vary from 0.132 to 0.210 per 
cent; the MgO content from 0.019 to 0.029 per cent; the P 2 O 5 
content from 0.193 to 0.294 per cent and the citric acid content 
from 0.100 to 0.292 per cent. In this investigation it was found 
that an increase of 0.0112 per cent CaO (table 1 ), and 0.0040 
per cent MgO (table 1 ) caused a positive test and that an 
increase of 0.000()8 to 0.00884 per cent in P 2 O 5 (table 4), changed 
a positive test to negative. 

If we assume that m,/20 sodium citrate is equivalent to m/20 
potassium phosphate then the amounts of P 2 O 6 given above are 
equivalent to 0.0009G to 0.0038 per cent citric acid. From 
table 2 it is seen that sodium citrate in equivalent amounts is 
even more effective than potassium phosphate, so that the 
figures for citric acid are maximum figures. These figures make 
it quite apparent that the salt composition undoubedly is the 
detennining factor in many cases. 
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This is further emphasized by the results given in table 5. 
The acidity at which the sample of milk was positive varied from 
0.20 to 0.30 per cent according to a slight variation in the salt 
composition. 

From table 9 we can readily see that the alcohol test w'ould 
be desirable because it rejects milk which is positive because of 
the last five factors mentioned. These five factors give unde¬ 
sirable qualities to the milk and are under the control of the 
producer, therefore, the alcohol test would bo desirable if it 
detected these factors alone. 

However, the alcohol test is also influenced very markedly by 
the salt composition of the milk; and a salt composition which 
may cause a positive alcohol test is neither undesirable (except 
in evaporated milk) nor under the control of the producer. 
Since this factor is undoubtedly the determining factor in the 
alcohol test, in many cases, the test must be regarded as inef¬ 
fective and unjust, except possibly as applied to milk to be 
manufactured into evaporated milk. A further study of the 
application of the alcohol test to the manufacture of evaporated 
milk is in progress in this laboratory. 

SUMMAEY 

1 . A slight increase in the magnesium or calcium content will 
cause a positive alcohol test; an increase of potassium, sodium, 
chloride, citrate, and phosphate, will not cause a positive alcohol 
test. 

2 . The effect of the calcium and magnesium on the alcohol test 
is counteracted by the citrates and phosphates in the milk. 
A positive test with fresh milk depends mainly upon the relative 
amounts of these four salts present in it. 

3. A high calcium content in a ration fed to cows can cause 
coagulation of milk in the alcohol test. 

4. The effect of milk salts is of such importance that it can 
easily account for any lack of correlation between the alcohol 
test, acidity, and bacterial coimts. The effect of acidity and 
the milk salts are additive. 
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5. Prepared rennet will cause a positive reaction in the alcohol 
test. The degree to which a sample of milk becomes positive 
will depend on the amount of rennet and the time it is allowed 
to act. 

(5. The coagulating enzymes produced by rennet forming 
organisms, numbering 85(),000 per cubic centimeter are suffi¬ 
cient to cause a positive alcohol test. However, rennet forming 
organisms must be regarded as a minor factor in the alcohol 
test for their prevalence in milk rarely ai)proaches this figure. 
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In a previous paper (1) the seasonal variations of the percent of 
fat in cow’s milk was presented. The object of this paper is to 
present the results of a study of the seasonal variations in milk 
and fat production using the records of the same cows. 

The decrease in production due to the advance of the stage 
of lactation has been shown by Cooke (2), Linfield (3), Woll (4), 
and Grady (5). Cooke found that cows calving in the fall were 
more persistent than those calving in the spring. Woll concluded 
that there was little difference in the rate of decline of the various 
breeds. Eckles (6), studied the rate of decline of cows freshening 
every twelve months. Haeeker (7) and Gavin (8) made studies 
to determine the length of time after calving that maximum 
production was attained. 

The favorable influence of spring pasture on milk production 
has l)een shown by Cooke (2), Linfield (3), Grady (5), Hills (9), 
Otis (10), and Humphrey and Woll (11). 

The effect on milk and fat production of spring and fall freshen¬ 
ing has been shown by McCaiidlish (12), McDowell (13) and 
Moore (14). Fall freshening in each case favored increased milk 
and fat production. 

The records of each breed* were divided into groups according 
to the month during which the lactation began, i.e., all cows 
calving in January w'ere placed together, those in February 
together, etc. Records made during parts of two lactation 

* The data for the Guernsey cows were obtained from 3215 Advanced Registry 
records from eastern and middle western states with a sprinkling from the Pacific 
Coast states. Values for the Jersey cows were obtained on 305 Register of Merit 
animals in Missouri. The Holstein data were compiled from 95 Advanced Regis¬ 
try records on animals in the University of Missouri dairy herd. 
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periods were eliminated. The average monthly milk production 
for each month was obtained by totaling the production of milk 
and dividing this total by the number of cows in the group. 
For the sake of uniformity, all records were then converted to 
a thirty-day month and the average daily milk production 
obtained. 

As a basis of comparison, the influence of the stage of lactation 
on the average daily milk production of dairy cattle is presented 
in table 1. 


TABLE 1 


Influence of the stage of lactation on the average daily production of dairy cattle 


MONTn OF 

OrEKNBEV 
(3216 LA(TATlONfl) 

JlSRHBl 

(30,') LAfTATIONp) 

(95 lactations) 

LACTATION 

Milk daily 

Per <<nt <»f 
t(»tal 

Milk daily 

P<T(eiitof 

total 

Milk daily 

Per rent of 
tot al 

1 

pounds 

33 3 

10.0 

JHUthds 

30 0 

10 9 

p»un<is 

39 G 

10.4 

2 

34.3 1 

10.9 

29 4 

10 6 

40.3 

10.G 

3 

32 3 

10 3 

•J7 !) 

10 1 

38 9 

10 2 

4 

20 9 

9 5 

2.5 9 

9 4 

30 r> 

9 6 

5 

L'8 1 

8 9 

24 2 

8 8 

38 9 

8 9 

6 

20 4 

8 4 

22.7 

8.2 

32 5 

8 5 

7 

24.9 

7 9 

1 21 4 

7 7 

30 8 

8 1 

8 

23 7 

7 5 

20 0 

7 5 

29 3 

7.7 

9 

22 4 

7.1 

19 5 

7 1 

27.9 

7.3 

10 

21 0 

O.G 

18 0 

G 7 

25 4 

6.7 

11 

19 5 

C 2 

17 3 

G 2 

23 2 

6 1 

12 

17.9 

5.7 

17.3 

G.2 

20.1 

5.3 


An examination of table 1 reveals the fact that the decrease in 
milk production for the three breeds included, is remarkably 
uniform. In the case of the Guernsey and Holstein-Friesian 
breeds the highest average milk production is reached the second 
month, followed by a very slow gradual decline. The Jerseys, 
however, reached their maximum the first month and then 
declined slowly in close agreement with the other breeds. It will 
be noted that the average daily production the twelfth month is 
very close to 50 per cent of the production the best month. As 
compared to the data collected by Eckles (6) it will be seen that 



200 


C. W. TUBNER 


COWS on test will hold up their production if forced methods are 
employed and a 365 day record is desired as compared to cows 
freshening every twelve months. 

By grouping the records according to the month during which 
the lactation began, the influence of the stage of lactation as a 
factor influencing milk production can be shown in conjunction 
with seasonal or other variations. 

The data for the Guernsey breed is presented in chart 1. 
The continuous lines in the charts are the plotted values showing 
the influence of the stage of lactation on the average daily milk 
production as shown in table 1 while the columns are the plotted 
values obtained for the cows grouped according to the month 
during which the lactation began showing the average production 
of milk throughout the lactation period. The group of Guernsey 
cows starting their lactation periods from January to June follow 
the average figures very closely. The July group decreased in 
production the second month as compared to the first, probably 
due to the poor feeding conditions on pasture as well as heat and 
flies. The low average production of cows calving in August is 
very noticeable. They run below the average for almost the 
entire lactation period. The cows calving in the fall from 
September to December again follow the average fairly closely 
until the following spring when the production is sUghtly above 
the average. This is attributed to the favorable influence of 
spring pasture. It should be observed, however, that in no case 
does the milk production actually increase during the spring 
months. The following explanation is given. Cows on test are 
generally being forced with an abundance of feed and do not 
respond to pasture as much as cows receiving only ordinary care, 
in fact it has been observed that some test cows will actually 
decrease in milk production when turned on pasture. Another 
possible explanation may lie in the wide geographical distribution 
of the cows. The difference in the time when cows were turned 
to pastme would tend to counter balance each other. 

Prom the standpoint of total niilk production, it will be seen 
that the cows calving in the fall and winter months equal or exceed 
the average production while those calving during the summer 
months are below the average. 
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The data for the Jersey breed is presented in chart 2. Tlie 
groups of cows starting their lactation period in January, Feb¬ 
ruary, and March increas(^ in ])roduction the secojid month while 
those starting during the r<>st of the year reach their maximum 
the first month, 'fho favoi-able en'ccd of })asturc is also Aejy 
noticeable as in ])ractically every case the production of milk 
increases in May irrespective of the h'ligth of the lactation i)eriod. 

The data for the JbJslein-Fiiesian l)reed is i)resented in chart 3. 
As the number of cows is limilxal individual variations hav(' not, 


TAHI.K 2 

of ihc .stt/vo/, n/ ihc j/(a) on Ihe jiiaihj prodnciion of dniri/ nurs 
oil n. Ihirty-dfiy inoidh 
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1 * un< sj \ \ 
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> 1- \UL\ IKODI CTlOiV 

\ K\ItLY I’ltODt C'Tl(»N 

> L VHt \ 1 KODl <'riO\ 


Milk 

Vui 

Milk 

T'ut 

Milk 

I'tit 


Ilf Is 





pDioidf 

January , 

9,7 JO 

482 8 

9,218 

4S0 S 

18, 088 

415 9 

February 

9, 

485 9 

8,918 

4(iil S 

10, 017 

887 8 

March 

9, OtJ 

479 5 

8,825 

■12S U 

12, 075 

898 4 

April 

9, 492 

474 2 

7,779 , 

418 5 

9, 089 

292 4 

May 

<S, 97J 

402 1 

8,121 

485 9 

12,815 

850 5 

Juno 

9, 

47(3 (S 

7,584 

400 4 

9, 147 

279 7 

July.. 

9, ;m) 

159 0 

8,949 

445 8 

9, 828 

888 S 

August 

i 8,400 

429 I 

9,120 

497 2 ' 

11,997 

808 () 

Septembor 

9,414 

1 475 4 

7,t01 

408 5 1 

10, 101 

822 4 

October 

9,010 

1 478 2 

1 7,988 

417 4 1 

9,924 1 

800 4 

November 

9,9IS 

494 4 

7,884 I 

424 7 j 

11,.W7 ] 

401 4 

December 

9, 045 

485 1 

1 7,824 1 

424 8 j 

12, -rjo j 

878 9 


been eliminated. Some significance, however, may be atfaclicd 
to the relatively low jn'oductittn of those cows calving during 
June and July. The effect of pasture is also shown by the in¬ 
creased milk production during May. 

The influence of the season of the year on the yearly i)i'(jduction 
of dairy cows is shown in table 2. With some minor exceptions, 
the best milk and fat records arc made by cows calving during 
the months from September to- April. Probably due to the 
forced feeding methods employed with cows on official test, there 
is not as much difference as might be expected. 
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SUMMARY 

Data was presented showing that the average monthly decrease 
in milk production for all breeds is very uniform, the production 
during the twelfth month being approximately 50 per cent of the 
production during the best month. 

The principal variations in milk production, aside from that 
due to the advance of lactation, were found to be largely due to 
the changes in pasture during the spring and summer months. 
The fundamental reason for the variation in milk is probably 
one of nutrition. This in turn being affected to some extent 
by atmospheric temperature. Cows on test being well fed are 
probably less affected, either favorably or unfavorably, by pasture 
than those not being pushed for maximum production. 

From the standpoint of total milk production, cows calving in 
the fall and winter months equal or exceed the average produc¬ 
tion while those calving during the summer months are generally 
below the average. 
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INTRODUCTION 

Plain condensed bulk milk is a product made from either whole, 
partly whole, or skim milk and is used for the most part to supply 
the necessary solids in the manufacture of ice cream. 

Superheated plain comlensed bulk skim milk is the unsweetened 
condensed milk made from completely skimmed whole milk 
condensed in vacuo at the ratio of about three parts of fluid 
milk to one part of condensed milk, followed by heating to a 
temperature from 180° to 19()°F. and holding at that temperature 
for a sufficient length of time to give the body of the condensed 
milk a heavy consistency. The product is not sterile. 

The same definition holds for the unsuperheated condensed 
skim milk except that the latter is not subjected to a high tem¬ 
perature to thicken it. Like the superheated condensed skim 
milk, it is not a sterile product. 

TJSB OF CONDENSED MILK IN ICE CREAM MAKING 

Condensed milk is used in ice cream making as a source of milk 
sohds not fat. Since a considerable portion of the excess water has 
been removed, it is possible to combine condensed milk, cream, 
sugar and gelatin in such proportions that the resulting mixture 
will have the desired percentages of butter fat, milk solids not fat, 

* This article is based upon the thesis presented to the Faculty of the Graduate 
School of the University of Illinois by P. H. Tracy in partial fulfillment of the 
requirements for the Degree of Master of Science in Dairy Husbandry. The 
experimental work was completed in June, 1922. A typewritten copy of the 
original thesis will be found in the files of the Library of the University of Illinois. 

The work was done under the supervision of Profs. O. R. Overman and H. 
A. Ruehe of the Department of Dairy Husbandry, University of Illinois. 
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sucrose and gelatin. Without the use of a milk product from 
which a large part of the water had been removed, it would be 
impossible to obtain an ice cream mix sufficiently high in milk 
solids not fat to insure a desirable body in the finished product. 

In most cases the plain bulk condensed milk used in ice cream 
making has been superheated. This process consists in heating 
the condensed milk to a temperature rapging from 180° to 190°F. 
by the introduction of live steam before the milk is drawn from 
the vacuum pan, but after it has been evaporated to the desired 
concentration of soli<ls. Since the superheating causes the con¬ 
densed milk to thicken, the resulting product is thought to be 
more desirable for ice cream making, the current belief being that 
it improves the body of the ice cream. I>ack of definite infor¬ 
mation on that point was the incentive for this investigation. 

THE OBJECT OP THE INVESTKJATION 

The purpose of this investigation was to make a comparative 
study of superheated and liiisuperheated condensed skim milk 
with particular reference to their use in ice cream making. An 
attempt was made to obtain information relative to the following 
points: 

1. The effect of superheating upon the physical state of the 
milk proteins. 

2 . The effect of the use of superheated and unsuperheated 
condensed skim milk upon each of the following: 

a. The viscosity of the ice cream mix 

fe. The finished product: (I) Over-run, (2) body, (3) texture, 
{4) resistance, (<5) flavor, {O) heat resistance. 

PLAN OF W'ORK 

The folowing general plan of procedure was used in securing the 
data. 

PreparcUion and study of the condensed milk'* 

Ordinary separator skimmed milk was used in the manufacture 
of the condensed milk. The milk was first placed in a large open 

* Throughout the remainder of this article, the term "condensed milk” will be 
taken to mean "plain condensed bulk skim milk.” 
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vat, commonly called the forewarraer, having a capacity of 200 to 
220 gallons, and heated to about 150°F. by the introduction of 
live steam. It was then drawn into a 3-foot vacuum pan of the 
C. E. Rogers type, where the excess water was removed by boiling 
at a temperature of about 130°F. with about a 24-inch vacuum. 
Heat was supplied by means of a steam coil jacket and the 
necessary vacuum was obtained by means of a small steam pump. 

After the milk had been concentrated to about 12.5° Baum6 at 
130°F., 15 or 20 gallons were drawoi from the pan to be used for 
comparative study with the superheated condensed. The 
remainder was then superheated by forcing in live steam until a 
temperature of 185° to 190°F. was reached. It was held at that 
temperature until it had thickened to the desired consistency. 
The amount of time required for the superheating varied from 
five to fifteen minutes. The milk was then cooled by main¬ 
taining a partial vacuum in the condenser. As soon as the tem¬ 
perature dropped to about 130°F. the milk was drawn into 
10 -gallon milk cans, and the temperature was further reduced by 
placing the cans in a large tank and surrounding them with 
running cold water. 

The total solids content of both the superheated and the un¬ 
superheated condensed milk was then determined, and enough 
water was added to standardize each to 27 per cent total solids. 

The relative viscosity of the condensed milk was determined 
to show the physical effect of superheating upon the body of the 
condensed milk. 

To determine the cause of the difference in viscosity, samples of 
both the superheated and the unsuperheated condensed milk, 
after being diluted with about twice their volume of water, were 
filtered by suction through porous clay filters of the Berkefeld 
type. The filtrates were then tested for casein and albumin. 

The preparation of the mixes 

With the exception of the first eight batches (which were half 
the size of the others) each of the mixes made had a total weight of 
approximately 50 poimds, which was sufficient to make 8 to 10 
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gallons of ice cream. Forty per cent cream, skim milk, 27 per 
cent bulk condensed skim milk, sugar, gelatin, water, and vanilla 
extract were the only ingredients used. The percentages of fat 
and solids not fat varied in the different mixes, as shown in the 
table, but the amount of sugar, flavoring and gelatin used was 
constant in each batch. The weighing was done on a 10-pound 
spring scale graduated to ounces. 

TABLE 1 


Composition of the mixes 


BATCH* 

HUMBRR 

FAT 

M.B.N F 

BUGAB 

GBLA- 

TIN 

T S 

40 PBsit 

CBNT 

CUEAM 

BKIM 

UthK 

27 PER 

CBNT 

CON- 

DBNHBO 

MIXiB 

WATER 

TOTAL 

WBlORTf 


per cent 

percent 

per cent 

per cent 

per cent 

pounds 

pftunda 

pounds 

pounds 


1 and 100 

8 07 

10 10 

11 93 

0.5 

30 50 

10.0 

22.9 

8.9 

2 

50.30 

2 and 200 

8.11 

13.92 

11.93 

0.5 

34.37 

10.0 

11.8 

20.0 

2 

60.30 

3 and 300 

8.29 

17.85 

12 10 

0.5 

38 65 

10.0 


31.1 

2 

49.60 

4 and 400 

10.08 

10 04 

11.98 

0 5 

32 51 

12.5 

19.8 

9.3 

2 

50.10 

5 and 500 

10.10 

13.82 

11 93 

0.5 

36.26 

! 12.5 

9.0 

20.3 

2 

50.30 

6 and 600 

12 03 

10.02 

11 93 

0.5 

34 39 

15.0 

17.0 

9.8 

2 

50.30 

7 and 700 

12 09 

13.82 

11.93 

0.5 

38.25 

15.0 

5.9 

20.9 

2 

50.30 

8 and 800 

14 02 

9 92 

11.93 

0 5 

36.28 

17.5 

14.2 

10.1 

2 

50.30 

9 and 900 

8.10 

12.00 

11 94 

0.5 

32.65 

10.0 

17 0 

14.5 

2.25 

50.25 

10 and 1000 

10.09 

11.96 

11.94 

0 5 

34 41 

12.5 

14 0 

15.0 

2.25 

50.26 

11 and 1100 

12.06 

11,92 

11.94 

0.5 

36.34 

15.0 

11.0 

15.5 

2.25 

50.25 

12 and 1200 

14.05 

11.92 

11.94 

0.5 

38 33 

17.5 

8.0 

16.0 

2.25 

50,25 


* Batches 1 through 12 refer to those batches containing superheated 
condensed milk, while nos, 100 through 1200 refer to the comparable batches 
containing unsuperheated condensed milk. 

t Each of the mixes contained 6 pounds of sugar, 4 ounces of gelatin and 4 
ounces of vanilla. 


Ordinarily from 8 to 16 different batches were run at one time, 
half of which were made with superheated and half with un¬ 
superheated condensed milk. With the exception of the con¬ 
densed milk, the same ingredients were used in all the mixes made 
at the same time. This, in addition to the fact that the same 
freezer was used for all and that the temperature of the brine 
remained fairly constant during one day’s freezing, furnished a 
just basis for a comparative study of the use of superheated and 
unsuperheated condensed milk in ice cream making. 
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Table 1 gives the composition and amounts of the different 
ingredients used in each batch. 

Method of determining viscosity 

An ordinary 17.6 cc. milk pipette was used in determining 
the relative viscosity of the ice cream mixes and of the condensed 
milk. Two different pipettes were used. Due to its extreme 
visocity, it was necessary to use a pipette with a comparatively 
large opening to measure the viscosity of the superheated con¬ 
densed milk. For the unsuperheated condensed milk and the 
ice cream mixes a pipette with a smaller opening at the discharge 
end was satisfactory. 

In order that all the readings might be reduced to the same basis, 
the time of discharge of the substance expressed in seconds was in 
each case divided by the time of discharge of distilled water at the 
same temperature. The result was termed the relative 
viscosity. 

The liquid to be measured was first tempered to 20°C. It was 
then drawn into the pipette, which was marked at the top and 
bottom of the enlarged portion. The time required for the top 
of the column to pass from the upper to the lower of these gradua¬ 
tions was then determined with a stop watch. While it was 
emptying, the pipette was held in a vertical position in a ring 
stand. It was thoroughly cleaned and dried between operations 
by means of hot water, alcohol and ether. The temperature of 
the room was kept as near 20°C. as possible. 

Since it was found that duplicate runs resulted in very close 
checks, single runs were used for mixes 1 through 8 in order to 
facilitate matters, as it was desirable to measure the viscosity the 
same day the batches were frozen. However, two runs were made 
on batches 9 through 12 and the averages of these were used in 
determining viscosity. 

Method of freezing 

The mixes were ususally aged for twenty-four hours before 
being frozen. An attempt was made to have the temperature 
of the mix not higher than 45°F. at the time it was placed in the 
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freezer. A chain-driven 50-quart horizontal brine freezer was used 
to freeze the ice cream. In freezing batches 9 through 12 and 
900 through 1200, the ice cream was allowed to whip \mtil the 
maximum amoTmt of air, as determined by the Mojonnier over- 
nm tester, had been obtained. Batches 1 through 8 and 100 
through 800 were drawn when the appearance of the ice cream 
warranted it. Both methods are used in commercial plants. 

The freezer was thoroughly rinsed with water after each batch 
was drawn in order that the composition of the following mix 
might not be altered in any way. 

Method of determining the over-run 

The over-rxm on batches 1 through 8 and 100 through 800 was 
determined in the following manner. A one-half pint Seal- 
Right paper carton was weighed and then filled with the unfrozen 
mix and weighed again. It was next filled with the frozen ice 
cream, which in turn was weighed. The percentage of air that 
liad been incorporated in the ice cream, or the over-run, was then 
determined by subtracting the net weight of the ice cream from 
the net weight of the mix, dividing the difference by the net 
weight of the ice cream and multiplying by 100. 

The over-run on batches 9 through 12 and 900 through 1200 
was obtained with the Mojonnier oVer-run tester. 

Taking the samples 

In order that the quality of the finished product might be 
determined, three samples were taken from each batch in small 
one-third pint cartons. These samples were always taken from 
the top of the first can drawn, which gave a fair representation of 
the whole batch. The samples were placed in a hardening room, 
which was kept at a temperature ranging from 11°F. to — 4°F. 

Judging the ice cream 

The ice cream was removed frona the hardening room at about 
seven day intervals and judged by Profs. H. A. Ruehe, 0. R. 
Overman, and A. S. Ambrose of the Department of Dairy 
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Husbandry, together with the author. The criticisms on each 
batch were the summarized conclusion of this group of judges 
and were altogether of a comparative nature, as no attempt was 
made to use the score card. 

Method of determining heat resistance 

The difference in the ability of ice cream, differing only in the 
use of superheated and unsuperheated condensed milk, to with¬ 
stand the influence^ of heat was determined by subjecting samples 
of comparaiiA'e batches of ice cream to the same heat conditions 
and mea.4uring the amount that melted and dropped off in a given 
time. Each batch was represented by triplicate samples. 

For this purpose one-half pint and pint paper cartons were used. 
Since the amount of air inct)rporated might have some effect upon 
the rate of melting of the ice cream, samples having the same over¬ 
run (as deteiTuined by the Mojonnier over-run te.ster) were used 
in each comparison. 


EXPERIMENTAL RESULTS 

Effect of superheating upon the milk protein 

The effect of superheating upon the relative viscosity of the 
condensed milk is showm by the following table. In the second 
column is given the viscosity of the condensed milk before it was 
superheated, while in the third column is given the viscosity of 
the same condensed milk after it had been superheated. In 
all cases the total solids content was standardized to 27 per cent. 


SAMPLE NUMBER 

BEFORE SUPEBUEATINO 

after SUPERHEaTINO 

1 

4.2 

93.7 

2 

2.8 

14.2 

3 

3 4 

! 176.1 

i 

3.2 

241.4 

5 

2.0 

114.0 

6 

1.7 

85.0 

7 

1.8 

95.5 

8 

2.5 

491.8 
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The extremely viscous condition of the condensed milk that 
exists after the superheating process has been completed is com¬ 
monly referred to as the “liver,” or coagulum. In a way these 
terms suggest a possible explanation of what happens when 
condensed milk is superheated, but a more definite explanation is 
lacking. 

From a study of the properties of the butterfat, milk sugar and 
ash content of milk, it is thought that heating these substances to 
a temperature of 190°F. would not be responsible for the increased 
viscosity of the condensed milk. If this is true, it necessarily 
follows that the increased viscosity of the condensed milk brought 
about by superheating is due to a change in the physical form of 
the milk proteins. This was proven by filtering both super¬ 
heated and unsuperheated condensed milk through porous clay 
filters and analyzing the filtrate for both casein and albumin. 

The milk was first thoroughly mixed with twice its volume of 
water and then placed in porous clay filters of the Berkefeld type. 
A colorless filtrate was secured by applying suction to the clay 
plate. 

In case of the superheated condensed milk this filtrate contained 
no protein. The filtrate of the unsuperheated condensed milk, 
however, gave very pronounced reactions with the protein tests 
used. The following tests for protein were used: 

1. Xanthoproteic reaction 

2. Millon’s reaction 

3. Biuret reaction 

The filtrate from the unsuperheated condensed milk was 
further analyzed for casein and albmnin. About 50 cc. of the 
filtrate was first made neutral with dilute sodimn hydroxide. 
Dilute hydrochloric acid was then added a few drops at a time 
imtil 1.5 cc. had been added. The filtrate was allowed to stand a 
few minutes, but no precipitate was formed, indicating the 
absence of casein. Another portion of the filtrate was then 
boiled until a floculent precipitate was obtained, indicating the 
presence of albumin. 

The high degree of viscosity that occurs in superheated con- 
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densed milk may be explained by the fact that the superheating 
changes the ablumin from a colloidal to a finely divided precipi¬ 
tated form. In this state it is possible that the albumin particles 
adsorb not only each other but the casein as well, producing an 
effect not unlike an emulsion, the albumin in this case being the 
dispersed phase. 

The effect of the vse of superheated and unsuperheated condensed 
milk upon the ice cream 

To determine the effect of the use of superheated condensed 
milk upon the ice cream, comparative criticisms were made of the 
various lots of ice cream containing superheated condensed milk 
with those containing unsuperheated condensed milk. Twelve 
different combinations of fat and milk solids not fat were repre¬ 
sented. Each of the 80 different batches were judged three times, 
making in all 240 criticisms. 

The data obtained show conclusively that the use of super¬ 
heated condensed milk causes the ice cream to have a better body 
and a smoother texture and also increases the amount of resis¬ 
tance. On the other hand, ice cream containing unsuperheated 
condensed milk is not so likely to develop an old or condensed 
milk taste upon being held in storage and has a superior flavor 
even when fresh, due to the fact that the fresh milk flavor of the 
unsuperheated condensed milk has not been destroyed by heating 
to a high temperature. 

Since superheating causes a change in the physical state of the 
milk proteins, it might be expected that the use of superheated 
condensed milk would be a contributory factor to the development 
of sandiness in the ice cream. However, the data indicate that 
there is no appreciable difference in the tendency which com¬ 
parable batches have to become sandy. 

Since the greatest amoimt of condensed milk was used in those 
batches having the highest percentage of milk solids not fat, it 
might be expected that those batches would show the greatest 
effect of the use of superheated condensed milk. However, the 
converse was true, for the greatest difference was in those batches 
containing a low percentage of milk solids not fat and in which 
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only 9 or 10 pounds of condensed milk were used. This can be 
explained by the fact that the addition of a slight amount of solids 
is more noticeable up to a certain point than it is beyond that 
point. Consequently, the addition of a few more solid particles 
to those mixes containing from 30 to 33 per cent total solids 
would seem to have a greater effect upon the texture, resistance 
and body of the ice cream than the addition of two or three times 
as many particles to those mixes containing from 35 to 38 per cent 
total solids. 

The data also show that it is possible for the use of unsuper¬ 
heated condensed milk to result in a better ice cream than that 
made with superheated condensed milk. Referring to batches 
3 and 5, due to the high solids content, neither the body, texture, 
nor resistance of the ice cream was as desirable as that of the 
comparable batches containing unsuperheated condensed milk. 
By way of explanation, it may be said that the percentage of 
total solids in these batches was probably such that the addition 
of any more solid particles subtracted from, rather tlian added 
to, the merits of the ice cream. 

It was the opinion of the judges that in general the use of the 
superheated condensed milk was equivalent to the addition of 
about 2 per cent solids. For example, it was noted that batch 
1200 , containing unsuperheated condensed milk and having 
38.33 per cent total solids, was comparable to batch 11, which 
contained superheated condensed milk and had a 36.34 per cent 
total solids content. Also, batch 1100 (containing unsuper¬ 
heated condensed milk) seemed to have about the same texture 
and resistance as batch 10 (containing superheated condensed 
milk), which contained 2 per cent less total solids. 

Effect of the me of superheaied condensed mUk upon the viscosity of 

the ice cream mix 

Since superheating results in a marked increase in the viscosity 
of the condensed milk, it is to bp expected that an ice cream mix 
containing superheated condensed milk will have a greater 
viscosity than that in which concentrated skim milk is used. 
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This difference is shown in the following graphs of the average 
viscosity of three series each of batches 1 through 12, and 100 
through 1200. 



Fig. 1. Graphs Showing the Effect upon the Viscositt of the Mix of the 
Use of Superheated Condensed Milk, as Well as the Relation between 
Viscositt, the Amount of Condensed Milk Used and the Per Cent of 
Buttbrfat in the Mix 

The graphs in figure 1, in addition to showing the difference in 
the average viscosities of the batches also show the relation 
between the viscosity, the amount of condensed milk used, and the 
percentage of butterfat in the mix. 
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Graph A plainly shows the increase in viscosity due to the use 
of superheated condensed milk and indicates that as the amount of 
condensed milk used was increased the viscosity of the mix also 
increased, the amount of increase being modified somewhat by 
the percentage of butterfat. However, the greater increase was 
due to the percentage of milk solids not fat and the amount of 
condensed milk used. This is shown by the increase in viscosity 
of batches 5 and 500 and batches 3 and 300 over batches 8 and 
800 and 7 and 700 respectively. In both cases the percentage of 
milk solids was the same; however, those containing the greater 
percentage of milk solids not fat (which also contained the greater 
amount of condensed milk) had the greater viscosity. 

Graph B also shows how the increase in percentage of fat and 
the amoimt of condensed milk used causes an increase in the 
viscosity of the mix. Since the percentage of milk solids not fat 
was constant, while the percentage of fat increased with each 
batch, the increase in viscosity in this case was mostly due to the 
increased amoimt of butterfat present, as there was only a slight 
increase in the amount of condensed milk used. 

Effect of the use of superheated condensed milk upon the over-run 

obtained 

Since ice cream mixes containing superheated condensed milk 
have a greater viscosity than those containing unsuperheated 
condensed milk, it is to be expected that the ice cream made from 
the former will have a higher percentage of over-run than that 
made from the latter. That such is the case is shown by the 
comparison of the average over-run obtained on two series each 
of 12 batches containing superheated condensed milk and 12 
batches containing unsuperheated condensed nailk, as given in 
table 2. 

The ice cream represented in Part I of table 2 was drawn from 
the freezer when it appeared to have been frozen sufficiently. 
This is the method commonly used in commercial practice. There 
are plants, however, where the ice cream is not drawn until a 
maximum over-run is obtained. This was the method followed 
in securing the data given in Part II. 
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It will be noted that in practically all cases a greater over-run 
was obtained from those mixes containing superheated con¬ 
densed milk than from those containing unsuperheated condensed 
milk. 

Effect of the use of superheated condensed milk upon the heat 
resistance of the ice cream 

The relation existing between the heat resistance of ice cream 
containing superheated condensed milk and that containing 
unsuperheated condensed milk is shown in table 3. 


TABLE 2 

Effect of the use of superheated condensed milk upon the over-run obtained 


BATCH NI’MBKR 

^bupekhkatuo) 

OVEH-BUK 

BATCn NUMBER 
(I’NSrPJCRHKATED'l 

OVER-BirN 


Part I 


1 

8r).7 

100 

73.4 

2 

86 3 

200 

90.5 

3 

83.0 

300 

70.0 

4 

83.8 

400 

74.9 

5 

73.5 

500 

58 5 

6 

84.2 

600 

68.4 

7 

80.6 

700 

67.8 

8 

78 0 

800 

56.9 

Part 11 

9 

78.7 

900 

72 3 

10 

81.0 

1000 

74.7 

11 

81,7 

1100 

71.7 

12 

84.3 

1200 

74.3 


It is evident from these data that ice cream containing super¬ 
heated condensed milk will stand up much better w'hen subjected 
to a temperature above freezing than will that in which unsuper¬ 
heated condensed milk is used, the amount of difference depending 
upon the quantity of condensed milk used. 

The difference in the way in which comparative batches of ice 
cream melted is also shown in the following pictures taken of 
samples 16a, 17a and 18a recorded in table 3. Picture 1 repre¬ 
sents the appearance of the samples at the start of the experiment. 
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Picture 2, taken of the samples at the end of one hour, clearly 
shows how the increase in the amount of superheated condensed 
milk used increases the ability of the ice cream to stand up. The 


TABI.K 3 

Difference in melting of ice cream made from superheated and unsuperheated 

condensed milk 


i 

NlTMBElt 

WEIGHT 

MELTED 

TBMPER- 

ATUBB 

OVER-BUN 

At start 

.4fter one 
hour 

After two 
hours 

After one 
hour 

After two 
hours 


qrama 

grama j 

grama 

per cent 

per cent 


per cent 

fa. 

250 

237 

125 

5.2 

50.0 

20.5 

70 

no .1 

253 

238 

133 

5.9 

47.8 

20.5 

70 

[c. 

249 

235 

121 

5.6 

59.4 

20.5 

70 

Average ... 

250.7 

236.7 

126 3 

5 6 

49.7 



fa. 

246 

236 

144 

' 

4 1 

41.7 

20 5 

70 

tl7 jb . 

240 

231 

138 

! 3 8 

42 5 

20 5 

70 

[c . 

238 

230 

129 

3.4 

45 8 

20.5 

70 

Average. 

241 3 

232 3 

137 

3.7 

43.3 



fa. 

235 

235 

159.5 

0 i 

32 1 

20.5 

70 


242 

242 

168 


30.6 

20 5 

70 

Ic. 

238 ! 

238 

173 

. .. 


27.3 

1 20 5 

70 

Average. 

238.3 

238.3 

166 J8 i 

0 I 

30 0 




Composition of mixes in table 3 


NDMHBB 

PAT 

M B N F 

SUGAR 

GELA¬ 

TIN 

T B 

40 PER 
CENT 
CREAM 

1 

BKIM 

CON¬ 

DENSED 

WATER 

*16: a, b, c. 

tl7: a, b, c. 

tl8: a, b, c. 

per cent 

10 

10 

10 

per cent 

10 

10 

per rent 

12 

12 

12 

percent 

0.5 

0.5 

0.5 

per cent 

32.5 

32.5 

32.5 

ponnda 

12.5 

12.5 
12.5 

pounds 

19.8 

19.8 

pounds 

9.3 

9.3 

15,9 

pounds 

2.00 

2.00 

15.36 


* Unsuperheated condensed milk was used, 
t Superheated condensed milk was used. 


composition of all three batches was the same, the only difference 
being the condensed milk used. ■ In the sample on the left 9.3 
pounds .of unsuperheated condensed milk were used; in the middle 
sample 9.3 pounds of superheated condensed milk were used; while 
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tWO sain))l(‘s is liardly iioticealdo, beiii^* I.l f)or c*on1. Ilowever, 
the (lifiVroiK'o hot ween either Hk* first or second and the third is 






I^ICTUKK yVt>rj<:Af{AN<’E OF TKK SAMPLES AfTEK Tw O Hot Its’ KxposTHii: 
TO TeMPEKATEKK 


Both the data and the pictures sliow rather conclusively that 
th(' use of superheated condensed milk causes the ice cream to have 
more resistance to temperatures above tlu; freezing ])oint, the 
ice cream having the greatest resistance being that (fontaining the 
largest amount of the superheated contlensed milk. 

(’ONCLUSIONS 

1. Superheating condensed skim milk causes t he albumin to be 
changed from a colloidal to a precipitated form. 

2. The use of superheated condensed milk increas(;s the 
viscosity of the ice cream mix. 
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3. The use of superheated condeiised milk improves the texture 
and body of the ice cream and increases its resistance. 

4. Ice cream containinf^ unsuperheated condensed milk has a 
better flavor than that containing an equal amount of super¬ 
heated condensed milk. 

5. A larger over-run can be obtained from a mix containing 
superheated condensed milk than from a mix containing an equal 
amount of unsuperheated condensed milk. 

6. An ice cream containing superheated condensed milk will 
have a greater heat resistance than that containing an equal 
amount of unsuperheated condensed milk. 
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Undoubtedly the most systematic and scientific method of 
formulating the food requirements of farm animals is that of 
the late Dr. H. P. Armsby. The Armsby standards for the 
maintenance of farm animals, for their growth and fattening, 
and for the maintenance of milk production, are not in the main 
empirical, as are so many others, but are the result of a search¬ 
ing analysis of physiological functioning. While the experi¬ 
mental data upon which they are based are not always so com¬ 
plete as to make them in any sense final; while the interpretation 
of the data may not in all cases be above criticism; and while 
some of the standards are not as widely applicable as they are 
stated to be; nevertheless, the general method by which they are 
deduced and the terms in which they are expressed are so far 
superior to other methods and other terms as to put them in a 
class by themselves. The conception of "net energy” and the 
direct and indirect determinations of the net energy values of a 
large number of feeds of common use in this country, permits a 
wide application of the Armsby standards in American feeding 
practice, insofar as any feeding standard may be so applied 
to advantage. 

In determining the energy requirements of animals for main¬ 
tenance, the method of Armsby has been simply to determine 
experimentally the energy expenditure of the fasting, resting 
animal, at moderate external temperatures. An amount of 
net energy equal to, this expenditure should maintain the animal. 
In determining the energy requirements for production, the 
actual energy content of the added tissue or of the milk secreted 
represents the net energy required, recognizing that the net 
energy value of feeds may vary with the type of production. 

222 
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Unfortunately the determination of protein requirements is 
not so simple. While it seems to be a fact that the loss of nitro¬ 
gen sustained by an animal on a ration containing sufficient 
energy but free from protein and other forms of nitrogen, is a 
measure of the protein minimum for the maintenance of life, 
it cannot be concluded that an equivalent amount of digestible 
protein will cover this requirement. Nor can it be said that the 
protein content of added tissue or the protein content of milk 
secreted measures directly the amount of digestible protein 
required for their elaboration. The reason is that there is a 
wastage of digestible protein in serving body purposes just as 
there is a wastage of digestible energy. While the latter wastage 
seems to be a physiological phenomenon, the former seems to 
be largely a chemical phenomenon, due to the difference in 
chemical structure between body proteins and food proteins. 
One seems to be as inevitable as the other, however. 

Therefore, before a determination of the amount of food pro¬ 
tein required for a certain purpose can be made, it is necessary 
to know not only the amount of protein the body needs, but 
also the inevitable wastage of food protein in covering this need. 
As is well known this wastage of protein differs rather widely 
among different forms of food protein, and any measure of the 
nutritive value of the protein of a given food must include not 
only the wastage due to incomplete digestibility, but also the 
wastage of digestible material representing the fragments of 
food protein (amino acids) left over in its conversion into body 
protein, or in its utilization in the “repair” of the body tissues. 
These left-over fragments, though available for the production 
of energy or even for the storing of energy, cannot be used for 
the covering of protein needs for the lack of proper supplementary 
fragments. 

The simplest and the most serviceable method of measuring 
the nutritive value of digestible protein seems to be that 
of Karl Thomas^. The value of a protein according to this 
method (its so-called “biological value”) is measured by the 


‘ Thomas, Karl, Arch. Anat. und Physiol., Physiol. Abt., 1919, 219. 
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number of parts of body protein that may be spared by 100 
parts of the digestible food prot.ein in question. Thus, a value 
of 60 would mean that 1 pound of the digestible food protein 
would be required to cover a loss of 0.6 pound of body protein 
in the endogenous protein catabolism. In other words, if an 
animal loses 0.6 pound protein per day (urinary N X 6) on a 
protein-free ration containing sufficient energy, 1 pound of the 
digestible protein in question would be required daily for 
maintenance. 

It seems probable that the same conception can be extended 
to cover the other functions of protein in the body besides that 
of replacing nitrogen degraded in the so-called “wear and tear” 
processes of metabolism, whatever these may be. For example, 
when the protein intake is sufficiently high to support growth, 
it may be found that 1 pound of the digestible protein in question 
may be required to form 0.7 pound of tissue protein. Hence, a 
coefficient of 70, entirely analogous to Thomas’ “biological 
value” for maintenance, may be given to this protein. If the 
values of proteins for maintenance and for growth are not 
greatly different, the coefficient assigned to a protein may in¬ 
clude all the structural purposes for which protein is used in the 
body, so that of every pound of digestible protein consumed, 
a more or less constant amount caii be used for maintenance and 
growth. After considerable experimentation w'e have adopted 
this method of expressing the value of digestible protein in 
nutrition.* 

By the use of these values of Thomas it would be possible to 
formulate protein requirements by the same method Armsby 

* While it is probably true that all proteins have lower biological values for 
growth than for maintenance, our experience has shown that the level at which 
the protein is fed is probably of greater importance in most cases in determining 
its value to the body in satisfying nitrogen requirements than the purposes for 
which it is used in the body. In covering the maintenance requirement the 
biological value of a protein seems to be lower when fed at a 10 per cent level than 
when fed at a 5 per cent level, so that at the former level the difference in the 
values of the protein for maintenance tod for growth is probably not great. 
While our experience with rations containing more than 10 per cent of protein is 
limited, such as it is it indicates that no marked further decrease in biological 
value need be expected until the level is so high that maximum growth is possible. 
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has used in formulating energy requirements, and to list the 
“net protein” value of feeds in the same way as their net energy 
values have been listed. 

Few reliable determinations of the nutritive value of the pro¬ 
tein of foods by the method of Thomas have been published to 
date. Nevens, working in this laboratory and using a method 
developed here after several years of work, has recently published’ 
the results of some metabolism studies on rats designed to 
measure the value for maintenance and growth of the proteins 
of corn, alfalfa hay, and cottonseed meal, alone and combined 
in various ways. The work to be reported in this paper, ex¬ 
tends this investigation to coconut meal, soy beans, and rice 
bran, and includes studies of combinations of these feeds with 
each other and with com. Rats were the experimental subjects; 
and the technique of the collection of urine and feces was identical 
with that used and fully described by Nevens, as was also the 
method of calculating the nutritive value of the proteins. 

THE LOSSES OF NITROGEN ON AN N-FREE RATION 

The nitrogen loss from the body due to the constant disintegra¬ 
tion of tissue in the course of the endogenous catabolism was 
determined by feeding the rats a nitrogen-free but otherwise 
adequate ration for ten days, and by measuring the losses of nitro¬ 
gen in the urine for the last seven days of this period. The losses 
of nitrogen in the feces per gram of this ration consumed was 
taken as a measure of the so-called “metabolic nitrogen” of the 
feces, and was used in subsequent periods in the determination 
of the actual digestible nitrogen of the protein rations fed. 

Such a nitrogen-free feeding period constituted the first and 
the last (the eighth) balance periods of the experiment. The 
data obtained are included in table 1. 

For the first period on this ration the urinary nitrogen per 
day per 100 grams of body weight averaged 20.6 mgm. with 
only small variations among individual rats with the exception 
of rat 131. We take these values as measures of the endogenous 

• Nevens, W. B., J. Dairy Science, 1921. vi, 552. 
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nitrogen excretions of the rats, representing losses that must be 
made good by dietary protein if the body weight is to be main¬ 
tained. The daily fecal nitrogen on the nitrogen-free diet 
obviously has its origin in the body of the rat, and may be taken 
to represent the wastage of body nitrogen in digestion. It would 


TABLE I 

Metabolism of rats on a nitrogen^Jree ration 


BAT 

KVMBSB 

FEBIOD 

INITIAL 

WEIGHT 

FINAL 

WEIGHT 

AVERAGE 

FRED 

CON- 

BGMED 

DAILT 

DAILY 

rRlNARY 

NITROGKN 

DAILY 

FECAL 

NITBOOEN 

DAILY 
UUINARY 
N PER 

100 GRAMS 
LIVE 
WEIGHT 

FECAL N 
PER 100 
GRAMA 
FEED 



fjramB 

(frams 

grams 

mgm 

mgm 

mgm. 

mgm. 

131 

1 

mrawim 

66 5 

5 43 

19 4 

8 2 

27.9 

150 

132 

1 

46.0 

Bsil 

3 72 

8.7 


19.6 


133 

1 

62 0 

mm 

5.24 

11 4 


19.2 

173 

134 

1 

74 0 

66.5 

5 27 

16.1 

5.6 

22.9 

106 


1 

57 0 


5 29 

8.8 

11 9 

16.2 

225 

136a 

1 


mm 

5 16 

16 1 

14 6 

20 5 

283 

137 

1 

45.0 

41 5 

3.67 

7 5 


17 4 

165 


1 


59 5 

5 32 

12 8 

11.3 

20 3 

213 

139 

1 

64.6 

46 5 

4.23 


9 7 

21 7 

229 

Avcrairfi. 

20 6 

193 

c 







131 

8 

99 0 


3 56 

22 6 

9.3 

24 3 

261 

132 

8 

64 0 

58 5 

2 (Vt 

11 8 

5 2 

19 4 

197 

133 

8 

84 5 

77.5 

3 29 

18.3 

6 3 

22 6 

191 

134 

8 

139 0 

130.0 


17.5 

8.8 

13 0 

144 


8 

118 5 


5 67 

12 3 

0 4 

10.9 

167 

136b 

8 



4.39 


12 1 

13.8 

276 


8 

88 5 

77 5 

2.66 

16 7 

5.3 

(20.1)* 

198 

138 

8 

125 0 

112 0 

4.25 

16 8 

8.0 

14 2 

190 

139 

8 

81 0 

72 0 

3 64 

12.9 

8 2 

16 8 

227 

Average. 

16.9 

206 


* This value is not used here in computing the average, nor in future computa¬ 
tions, because of the low food intake in proportion to the size of rat. 

seem to be related to the amount of food consumed and averaged 
193 mgm. per 100 grams of food. Considerable individual 
variations appear in this value,'w'hich seems to be affected by 
factors not under control in our experiments, such as the con¬ 
sumption of filter paper, with which the bottoms of the metab¬ 
olism dishes were covered. 
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In the eighth experimental period, the rats were again put upon 
the nitrogen-free ration and collections of urine and feces were 
made daily after a three-day preliminary period, and composited 
for one week. In this period the loss of nitrogen in the urine 
per day per 100 grams of rat was, in all cases but one, less than 
the losses for corresponding rats in the first period, and sometimes 
very much less. It has been our experience that rats kept for 
several weeks confined in our metabolism dishes, show decreasing 
rates of endogenous loss of nitrogen. It seems probable that 
this indicates a diminished vitality of the experimental animals, 
just as a decreasing basal metabolism of energy has of late been 
found to be associated with decreasing vitality. Therefore, in 
the periods intervening between the two metabolism trials just 
described, it has been assumed that the endogenous losses of the 
rats decrease, in proportion to their weight, in a linear fashion 
from the value obtained in period 1 to the value obtained in 
period 8. 

The fecal nitrogen excreted per 100 grams of food consumed 
in period 8 varied somewhat among the different rats from the 
corresponding values in period 1. In only two or three cases, 
however, is the difference so great that the average of the two 
values for any rat cannot be used in computing digestible nitrogen 
in the intervening periods. For these three cases, i.e., rats 131, 
134, and 135, it was again assumed that the change from the 
value in period 1 to the value in period 8 was linear. The average 
value for the period was 200 mgm. of fecal nitrogen per 100 grams 
of food consumed. 

RESULTS WITH LOW PROTEIN RATIONS 

The rations containing the feeds to be tested were made up 
so as to contain 5 or 10 per cent of protein and to be adequate 
in all known respects except for the quality of the protein. In 
table 2 will be found the recipes for the rations and their nitrogen 
contents as determined by Kjeldahl analysis. 

Rations 1, 2, and 3 contain the proteins of coconut meal, 
soy bean, and corn at a 5 per cent level. Such rations will 
support very little if any growth, and the experimental results 



228 


H. H. MITCHELL AND VALENTE VILLEGAS 


obtained with them may logically be considered by themselves. 
These results are contained in table 3. A three-day preliminary 
period always followed a change of ration, and all collection 
periods were of seven days’ duration. 

The method of computing the utilization of the absorbed 
nitrogen may be illustrated by considering the data for rat 133, 
period 2. This rat consumed per day an average of 48.2 mgm. 
of nitrogen and excreted in the feces an average of 21.2 mgm. 

TABLE 2 

Percentage composition of experimental rations 


CONSTITUENT 

1 

2 

3 

4 

5 

6 

7 

8 1 

0 

Coconut meal. 

24 0 



48.0 



24 0 


24.0 

Rice bran. 








85.6 

42.8 

Soy bean. 


11.9 



23.8 

11.9 




Corn. 



60 5 



60.6 

57.8 



Starch. 

56 0 

68 1 

19.5 

32.0 

50.2 

7.6 



15.2 

Agar. 

2.0 

2 0 

2.0 

2.0 

2.0 

2.0 




Sucrose. 

5 0 

6.0 

5 0 

5 0 

5 0 

5.0 

5.2 

1.4 

5.0 

Butterfat. 

10 0 

10 0 

10.0 

10 0 

10 0 

10 0 

10.0 

10.0 

10.0 

Salts. 

3.0 

3.0 

3.0 

3 0 

3.0 

3 0 

3,0 

3.0 

3.0 

Total. 










Nitrogen content. 

0 897 

0.919 

0.957 

1.704 

1.743 

1.782 

1.768 

1.694 

1.687 


* Osborne and Wakeinan’s preparation of Vitamin B was added to rations 1, 2, 
4 and 5 at the rate of 170 mgm. per 100 grams of ration. 


Of the latter loss, however, the body of the rat contributes some, 
estimated at 9.8 mgm. (column d) from the data from periods 1 
and 8. Hence the daily feces contained 21.2 — 9.8 = 11.4 mgm. 
of food nitrogen. The amount of digestible nitrogen consumed 
per day was, therefore, 48.2 - 11.4 = 36.8 mgm. The daily 
excretion of urin^y nitrogen was 22.0 mgm., but this also is 
paftiy derived from the body and partly represents a wastage 
of food nitrogen. The loss from the body, the endogenous ni¬ 
trogen, is estunated from the'urinary losses in periods 1 and 8 
as being 11.7 mgm. Hence the food nitrogen wasted in the 
urine is 22.0 — 11.7 = 10.3 mgm. per day. Therefore, of the 
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TABLL 3 

The utilization of the proteins of coconut meal, soy bean and corn fed at a level of 

6 per cent 





i 


(«) 


(r) 

01) 

00 

(n 

(K) 

RAT 

PKlllOU 

INITIAL 

FINAL 

DAILY 

FEED 

DAILY 
IN¬ 
TAKE 
OF N 

DAILY 

DAILY 

MLTA- 

liOI.IC 

ENDOG-I 

AB- 

‘-ORBLD 

UTILI- 

7ATION 

NUMBER 

1 

W LIGHT 

WEIGHT 

CON¬ 

SUMED 

T Itl- 

N 

FFUAl. 

N 

N 

IN 

ENOI» * 

N : 

N 

RE¬ 

OF AB- 
80R6ED 







FEJEH 


TAINED 

N 


(Coconut moal ration 1 




l/rnma 

(jramH 

uraim 

yngm 

mgm. 

mgm. 

mgm 

mgm 

Vtf/ttl 

pn cent 

131 

2 

65 5 

71 5 i 

6 96 

62 4 1 

27 5 

26 2 

11.0 

IS 6 

38 9 

81 

132 

2 

42 5 

45 0 I 

4 00 

30 4 

16 7 

15 2 

8 0 

8 5 

21 0 

72 

133 

2 

58.5 

m.o 

5 37 

48 2 

22 0 

21.2 

9 8 

11.7 

26 5 

72 

131 

3 

71 5 

69.0 

5 19 

46 6 

24 1 

19 7 

1 

9 4 1 

18 8 

31 0 

1 85 

132 

3 

45 0 

! 48 0 

4 00 

1 36 7 

16 4 

13 5 

8 1 

0 0 

23 9 

! 70 

133 

3 

CO 0 

1 62 0 

5 13 

4(i 0 

21.0 

17 7 

9 3 ' 

12 3 

28 3 

75 


Average. . 77 


Soy bean ration 2 


134 

2 

69 

0 

81.0 

8 

13 

74 

^ 1 
i 

30 

0 

14 

7 1 

9 

.0 ^ 

16 

.1 i 

55 1 

80 

135 

2 

52 

5 

60 5 

5 

81 ! 

53 

4 

21 

6 

11 

8 i 

12 

C 

8 

.7 1 

40 5 

1 76 

136a 

2 

76 

0 

72.0 

4 

00 1 

42 

3 

27 

8 

16 

8 

13 

0 i 

15 

2 1 

25 8 

(67)* 

134 

3 

81 

0 

75 6 

4 

78 

43 

9 

26 


11 

8 

5 

i 

5 1 

15 

1 

7 : 

27.3 

(73)* 

135 

3 

60 

5 

66,0 

3 

54 

32 

5 

23 

5 

9 

8 

7 

4 i 

8 

6 j 

15 2 

(.=»)* 

136a 

3 

1 72 

0 

71 5 

3 

97 

36 


|32 

.2 

14 

1 

11 

•2 1 

14 

7 

16 1 

(48)* 


Average 


78 


Corn ration 3 


137 

2 

47 5 

45.0 

3 97 

3S 0 

18 6 

13 5 

7.2 

8 1 

21.2 

67 

138 

2 

63 0 

71.5 

6 55 

62.7 1 

28 3 

16.5 

12 8 i 

13 0 

43.7 

74 

139 

2 

50 5 

51 5 

5 19 

40.7 

22 3 

16.2 

11.8 

10.7 

33 7 

74 

137 

3 

45 0 

49.5 

i ! 

1 4 33 j 

41 4 

21.1 

11 0 

7.8 

8 2 

25 3 

06 

138 

3 

71.5 

77 5 

i 6 77 

64 7 

27.8 

18.5 

13.6 

13.9 

45.9 

77 

139 

3 

51.6 

54 0 

5 17 

49,5 

23 0 

14.7 

11.8 

10.7 

34 3 

74 


Average 


72 


♦ These values arc not included in the average because the food intake of 
these periods was obviously inadequate to cover the energy requirements. 

36.8 mgm. of coconut nitrogen absorbed, only 36.8 — 10.3 «= 
26.5 mgm., or 81 per cent, is retained for maintenance and 
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growth. This percentage is taken as a measure of the biological 
value of coconut protein at this level of intake for this particular 
rat and period. It is to be noted especially that the values in 
column f are not equal to the nitrogen balance as ordinarily 
computed. 

The experimental data for coconut meal and for com are 
satisfactory, since the rations were in general consumed in suffi¬ 
cient amounts to maintain weight. The average utilization of 
the coconut meal protein was 77 per cent and of com 72 per cent. 
The individual values, however, were not sufficiently consistent 
to warrant the conclusion that the proteins of the coconut are 
of higher biological value than the proteins of com. 

The results with the soy bean ration were unsatisfactory except 
for two periods, i.e., period 2 for rats 134 and 135. In all other 
periods the food intake was obviously insufficient and low utiliza¬ 
tion of the nitrogen could not be attributed only to the chemical 
characteristics of the protein. The percentages obtained for 
the two exceptional periods were 80 and 76, averaging 78. 

There are no grounds for believing, therefore, that these three 
types of food protein have distinctly different values in nutrition 
aside from differences in digestibility, when fed at this low level. 

KESULTS WITH MEDIUM PKOTEIN RATIONS 

In most of our metabolism experiments on rats we have been 
able to get more concordant results and hence more satisfactory 
results with rations containing approximately 10 per cent of 
protein than with our 5 per cent rations, mainly because such 
rations are consumed in larger quantities and keep the rats in 
better condition. This level of protein intake is, however, not 
high enough to support maximum growth, at least when the 
protein is of vegetable origin, so that the results of the nitrogen 
balance studies will not be vitiated by the consumption of pro¬ 
tein in amounts above the body’s requirements, and by the utiliza¬ 
tion of protein primarily for energy production. 

In table 4 are included the results of balance studies on the 
proteins of coconut meal, soy beans, and corn fed in rations con¬ 
taining approximately 10 per cent of protein. With the excep- 



NIITKITIVE VAEllK i)\' VAKIOUS MEAi;S 


231 


I’AliU. 4 

I he ulflizdlmn <tf lh( jtinfcm.s nj roromil tnral, ,sv>y/ fiean, nn\i i tec hrnn Jed al a 

l( rt I (>/ 70 'pi‘i cc/tl 


(*> (I.) . f. ^ : M ; U) ! d) i (K) 


U \T 

i\m VI 

W I.K.II 1 

It Vl/.V 

1 1 S VI. 1 I- M It >» VII V 

w 1 m.m r ION" ' ' 

1 M MI I) ^ 

J ()I< \ 

I. VIJ V 

1 KI¬ 
NA II 
\ 

I. ML) 

1 M VL 
\ 

1 MU \- 
, KOI K 
\ 

IN 

1 1 1 Cl s 

i 

; !• vi)0(. 

1 NOI 

X 

i 

AK- 

soum.i) 

; \ 

KI.- 

1 TA INKI) 

1 TILI- 

/ AI’ION 

or An- 

"OltULl 

X 




('oroiiuf moaJ rnfion 1 






i 

' y ")tn j 

ihi/tn , 


tn /ni 

til'pll 

)/. irn 

' T/f/yfi 

/.t / r. fh 

i:tl 

1 -1 

; 71 .r 

7s 0 (» .k; ios I 

7)0 

12 0 

12 0 

HI 7 

IS 4 

01 

i:\'2 

1 

. .■»:) ."/ 

7)0 (1 1 7t SO S 

2.7 1 

:i2 0 

0 2 

0 7 

2S 7) 

.71 

i:;;; 

\ 

i)t 0 

70 0 7» 7'( OS 7 

12 1 , 

:\s 

10 7) 

12 0 

! ' 

.70 

i:!i 


7s (J, 

s.; 0 7 .;i 121 (i 

7).’) 0 

7)1 1 

17. 0 

20 1 

7)1 7) 

()1 

l.L’ 

' T) 

:>() () 

7).'» 1) 171 so S 

2A 0 

2 ‘ 0 

0 

10 2 

22 2 

.77 

i.{;5 

T) 

1 7(1 0 

72 7» 7) 07. lOl 1 

11 0 

0 

10 s 

l -t 7 

42 4 

.7S 

Aver 

im*' 


So\ l.oan 

(ntion 

7) 


- 


•vs 

i.n 

\ 

SO 7) 

07) f) 7 7.0' 1J2 

7)0) 2 

22 7) 

0 2 

10 1 

70 2 

07 


1 

(»() :» 

i;0 7j, 71 100 0 

11 s 

Is 2 

117) 

0 0 

.77 .7 

02 

1 

1 

72 oi 

00 o' (tO s 

1() s 

10 

0 0 

14 7. 

IS 0 , 

(27) 

i:u 

1*) 

' 07) 7) 

100 0 s 07 110 i; 

02 s 

21 .1 

10 1 

17 i\ 

S4 2 ! 

05 

1 t>f) 

1 '] 

l'»0 7) 

s:{ 1 ) 7 20 127) 7) 

7)1 0 

22 7) 

12) 0 

10 0 

; 72 0 

02 

\:wni 


1 

' 

, 






V\(T 



Ikirr liinn 

ml mil 

S 




(U 

i:u 1 

1 <) 

112 5' 

i:^0 0 11 si 200 () 

()() 5 1 

SI S , 

10 1 , 

10 2 

1 S7 (■) ! 

0.7 

i;r> 1 


01 7) 

107) 0 11 is ISO r 

01 7> 

SO 0 ' 

20 7 

12 I 

; so 1 ' 

()2 


1 

1 107 7) 

17)0 0, 12 7)7 212 0; 

71 7 ; 

OS 1 , 

1 

21 0 i 

j 

10 0 

00 2 ' 

0.7 

i:ii i 

7 

1 

! i;jo 0 

1 0) 7. 12 7)0, 211 7; 

1; 

02 7> 1 

17 0 ; 

10 0 

' 1 

, 05 0 1 

71 

ir) j 

1 

! 107) (l! 

120 0 i:i 02’ 220 O' 

.■)•) 1 ; 

01 7 ' 

22 0 i 

12 1 

102 2 j 

70 

VM\\> , 

^ : 

17)0 0 

100 o: i:; M\ 22() 0' 

0.7 0 ,10S 7 j 

20 S i 

21 S 

110 2 j 

72 

\v('r;i^rr 







1 

I 

()7 


ti(»n of ihc^ one ])erio(l for rat 13(ja on the soy hean ration, tlie 
results of all periods were satisfactory. For coca)nut- meal, the 
r(\sults for the six balan(‘e periods were reiiiarkably concordant, 


JOl'llVAL <»K nMU'i '«CP’NVI., VOL > 1 , NO. 3 







2:V2 

The III 

H\l 

M MJtFH 

11. H. MIT 

Indium df the prola 
varidns c 

"i 1""’ 

r.. ... IINITIAI ! riN4L 

^ i,u;irr.\vFi(!HT 

1 1 

1 ! 

[TlKLl 

)IS of c 

< unhid a 

' 

DAllO* 

KKI'1> 

(’ON- 

MEI> 

. AND \ ALl 

TABLE 5 

urn, coconut 
tions at a Icvt 

UO (b) 

OP .N ^ 

1 

SNTE VlLI.EdAS 

neat, s(nj hcan and i ire to an 
1 of 10 per ee.nl 

U ) (tl' j U' 1 (t) 

"iZT:"" 

1* t'X \1, 1 V I NOl S 1 v 

V ^ IN ! V 1" 

1 IliXCrt 'TMM'D 

1 1 1 

feA in 

<K ' 

t TIM- 
f \'l K)\ 

Ol (VH- 

so UHJ.l) 

N 





( 

'orn plus soy bean r 

at ion r 








urams 

(/nuns 

granu 

mgyn 

mgrn. 

mi/vi 


mim 

morn 

/u r ((11' 

137 

4 

53 

0 

G5 0 

6 29 

112 1 

45 2 

10 

3 

11 

4 

10 3 

72 3 

67 

13S 

4 

S2 

0 

93 5 

7 81 

139 2 

59 7 

20 

4 

15 


15 5 

SI 3 

G5 

J3<) 

4 

59 


61 5 

5 75 

102 .') 

44 7 

24 

t 

13 

1 

12 1 

,->S 3 

61 

137 


(m 

0 

74 0 

7 31 

130 3 

50 7 

30 

0 

13 

>) 

12 1 

71 9 

GG 

13S 


<t:5 

5 

101 0 

G 95 

123 N 

51 S 

29 

4 

14 

0 

IG 3 

72 9 

()7 

139 

.5 

G1 

5 

70 0 

5 (17 

101 0 

43 r. 

25 

S 

12 

9 

12 7 

57 2 

G5 

Aver 














GG 





(’o 

'onut meal plus con 

1 rafioi 

1 7 





131 

G 

85 

0 

104 0 

9 55 

KK S 

,S2 S 

47 

7 

22 

0 

24 0 

SI 3 

59 

132 

G 

GO 

0 

(it) 0 

5 04 

105 0 

52 4 

31 

<) 

11 


12 3 

15 1 

53 

133 

« 

75 

5 

87 0 

7 67 

135 G 

05 2 

3G 

s 

14 

0 

IS 0 

()5 (> 

5S 

131 i 

7 

104 

0 

lOS 0 

S 30 

14G 7 

73 7 

40 

2 

20 

1 

2G 3 

73 5 

i G1 

132 ! 

7 

GG 

0 

71 5 

(1 11 

lOS 0 

51 5 

34 

3 

12 

0 

13 4 

17 G 

5G 

133 1 

7 

S7 

0 

05 0 

7 32 

129 4 

59 8 

41 

0 

13 


20 2 

G2 1 

1 G1 

Aver: 

age... 













1 5S 





Rice bran plus coconut meal 

ration 

) 




137 

G 

72 

5 

90 0 

S 94 

I.W .S 

51 5 

G1 

« 

IG 

2 

14 1 j 

1 G8 0 

65 

138 

G 

101 

n 

115 0 

9 35 

157 7 

r .2 1 

m 

0 

18 

1 

17 3 ! 

1 71 7 i 

62 

139 

G ' 

73 

0 

80 0 

S 2() 

139 3 

40 9 

71 

0 

18 

8 1 

13 9 i 

51.1 j 

59 

137 ! 

7 

90, 

0 

9(1 0 

9 02 

152 2 

4G 8 

75 

7 

IG 


IG 2 1 

G2 2 ; 

G7 

138 i 

7 

115 

0 

i:!o 0 

11 11 

192 5 

(10 9 

84 

!> 

22 

9 , 

18 4 

82 0 1 

63 

139 i 

i 

SO 


S9 0 

8 99 

1.51 7 

54 1 

73 


20 

5 1 

14 8 

59 1 1 

60 

Avon 

:igc 










Vi 

a\ 

in 



1 G3 

1 

the a^'orage utilization eoefficient being 58. 
bean periods, the results agreed fairly w<!ll, 
percentages being above (50. For tlu' rice bra 

ir the four soy- 
eragiiig 04, all 
ration, the first 














NTJTEITIVE VALUE OF VARIOUS MEALS 


233 


three periods (6) agreed well among themselves, but the next 
three periods (7) were all distinctly higher than the first three. 
The average for all six periods was 67 per cent. 

From these results it would seem that the proteins of coconut 
meal are slightly but distinctly less efficient than the proteins 
of soy beans for structural purposes in the body of the rat. A 
distinct difference between soy bean proteins and ri^e bran pro¬ 
teins is not so clear, though our results do favor the latter. 

In table 5 are given data obtained on rations containing pro¬ 
teins from two sources, approximately half of the protein coming 
from each of the constituent foods. The total protein content 
of these rations closelj' approximated 10 per cent. In other 
tests in this laboratory we have shown that com protein alone, 
fed at this level, has a biological value somewhere between 50 
and ()0, in most tests approximating to 60. In table 5 it will 
be seen that a mixture of proteins from coconut meal and com 
has a value of 58 on the average, so that no supplementary effect 
of the proteins of these two feeds appears to exist. Soy bean 
and corn proteins have an average value of 66. This may indi¬ 
cate a slight supplementing effect of one source of protein on 
the other, though the data are too few to permit a definite state¬ 
ment to this effect. Rice bran and coconut meal proteins, 
mixed in equal proportions, have an average value of 63, exactly 
midway between the average values of the uninixed proteins, 
i.e., 58 for coconut meal and 67 for rice bran. In this case, 
therefore, there is no reason to suspect any supplementary effect, 
that is, an improvement in the quality of the proteins of one feed 
by mixture with the proteins of another feed. 

These tests on mixed rations are in line with the general ex¬ 
perience of this and other laboratories, that vegetable proteins 
do not exhibit striking supplementar 3 ' effects on one another. 
It is only wffien animal proteins are mixed with vegetable proteins 
that such effects are to be expected. 

THE NET PROTEIN VAIUES OF FEEDS 

By the combined use of average percentages of total protein 
in feeds, average digestion coefficients, measuring the wastage 
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of protein in digestion, and average biological values, measuring 
the wastage of protein in metabolism, it is possible to compute 
what might well be termed the “net protein” content of feeds. 
Such computations are illustrated by the values given in table C. 
The percentages of digestible protein are taken from Henry and 
Morrison’s tables for ruminants, and the biological values of the 
proteins are taken from this investigation and that of Nevens 
previously referred to, with the exception of the value for com 
which is the average of a large number of trials with rations 
containing approximately 10 per cent of protein. 


TABLE 6 


PEED 

CONTENT OF 
DIOEKTIBLE 
PROTEIN 

BIOLOGICAL 
VALUE OF 
BIOEKTIBLE 
PROTEIN 

CONTENT or 
NET PRO'fEIN 


p(r ct>nt 

j)er cent 

per cent 

Corn. 

7 5 

58 

4 3 

Rice bran. 

7 9 

67 

5 3 

Soy beans. 

30 7 

()4 

19.6 

Coconut meal. 

18.8 

59 

11 1 

Cottonseed meal. 

37.0 

66 

24.4 

Alfalfa hay. 

10 6 

62 

6 6 


The use of net protein values may be illustrated as follows: 
A 1000 pound cow requires for maintenance, say 0.5 pound of 
protein per day. She produces daily 30 pounds of milk containing 
3 per cent of protein, or 0.9 pound of milk protein. Her daily 
protein requirement therefore is 1.4 pound. Now alfalfa hay 
contains G.O poimds of net protein per 100 pounds. Therefore, 
(1.4 4- 6.6) X 100 = 21.2 pound of alfalfa hay daily would be 
required to keep her in nitrogen equilibrium. If enough of a 
grain mixture containing 3 parts com, 1 part rice bran, and 1 
part cottonseed meal, is to be fed to cover the protein require¬ 
ments of milk production, the calculation would be; 

0.9 + )(3 X 4.3 + 5.3 + 24.4) -5- 5( X 100 » 10.6 pounds 

Such calculations assume, of course, that no considerable 
supplementing effect of the proteins of one feed upon those of 
another occurs, and that the biological values of digestible pro- 
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tein obtained with rats have a wide applicability to other species 
of animals and to other physiological functions than growth 
and maintenance. The first assumption is probably perfectly 
justified. Whatever slight supplementary effect may occur 
would enhance the value of the protein and hence the calculation 
would give results slightly higher than the actual requirement. 
The estimated allowance of feed would therefore always be a 
safe one if this Avere the only possible error involved. 

The second assumption is, of course, open to considerable 
question. As far as difTerences b(*tween sfiecies are concerned 
we have recalculated some nitrogen balance results published 
at Wisconsin on pigs and have obtained biological values for 
corn ranging from 48 to (10, quite analogous to those we have 
obtained Avith rats, and biological values for the mixed proteins 
of milk of 80 to 85, again chocking closely our values Avith rats. 
We know of no data on other species sufficiently complete to 
permit of comparison with our data on rats. That the value of 
a food protein in the elaboration of the proteins of milk may be 
significantly difTerent from its Auilue in maintenance and growth 
seems probable, though until information on the former point 
is aA'ailable, a calculation such as that given above may be con¬ 
sidered a good first approximation to the truth. IMore confi¬ 
dence, of course, can be felt in such computations applied to 
maintenance and groAvth requirements, than to milk require¬ 
ments. 

For example, according to Armsby a dairy calf one year old 
and weighing 400 pounds requires daily 0.24 pound of digestible 
protein for maintenance and when gaining at a maximum rate 
puts on 0.14 pound of protein daily. The former figure is 
probably someAvhat high as a measure of the break-doAvn of body 
tissues per day. It is certainly a safe estimate of the need for 
protein for maintenance. Taking it in this sense, Ave may say 
that the total protein requirement of the calf is 0.38 pound per 
day. If the calf is raised on alfalfa hay, it will require per day 
0.38 -i- 0.66 = 5.76 pounds to provide the required amount of 
protein. Since a calf of that size and age will require some 15 
pounds of alfalfa hay to cover its energy requirements, according 
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to Armsby’s growth standard, the consumption of this much hay 
will evidently provide ample protein for growth. In fact, half 
the hay could be replaced by an amount of com equivalent to 
it in net energy (i.e., 3 pounds) without fear of restricting 
growth by an insufficient supply of protein. 



EFFECT OF AUTOCLAVING ON VITAMIN CONTENT IN 

MILK 

E. J. SLANETZ 

Dairy Husbandry Department, Connecticut Agriculiural College, Storrs, Connecticut 
Received for publication February 6, 1923 

Whether or not the vitamin of milk are destroyed by pas¬ 
teurization or sterilization has been the subject of much debate 
during recent years. Inasmuch as milk is a perfect food, con¬ 
taining all the nutriments required by a growing body in proper 
proportion and in palatable and digestible form, its vitamin con¬ 
tent deserves special consideration. 

Feeding experiments were carried on to determine how the 
fat-soluble A vitamin and the water-soluble B are affected by 
heating. The C vitamin, or the antiscorbutic vitamin, is not 
necessary for the growth of the animals (mice) used in the experi¬ 
ments as this vitamin is synlhcsized by them. 

Milk was autoclav'ed at ten pounds pressure for fifteen minutes 
and fed to growing mice which had been fed for a period of about 
fifteen days on a diet devoid of vitamins, but complete in respect 
to protein, carbohydrates, fats and minerals. 

Suzuki and his coworkers in their feeding experiments found 
that mice fed on a vdtamin free diet died in ten to fifteen days.‘ 
In Shennan and Smith’s book “The Vitamins,” Drummond 
states, “The length of time that an animal is able to maintain 
itself on a diet deficient in B without suffering serious loss of 
body weight appeared to be directly proportional to the age, at 
which the restriction is imposed” (p. 44). 

In case of the A vitamin the animal may cease to grow, or 
continue slowly or may continue for a longer or shorter period 
depending upon the store of vdtamin A in the body of the animal 
at the beginning of the experiment and the food consumption of 
the animal.* 

^ Shernxan and Smithy ‘‘The Vitamins/' p. 27. 

• However, the age of the animal is also worthy of consideration. 
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The results on graph 1 show that on the addition of milk two 
17 gram animals put on 4 grams each in a five-day period. 
Evidently the heating of milk at 10 pounds pressure for fifteen 
minutes does not destroy to any appreciable extent the B \dtamin 
content. A vitamin was supplied in the basal diet. 



Basal diet (lacking in B vitamin) 

pwunt 


Casein. 23 

Salt no. 35. 3 7 

Dextrin. 7I 3 

Butterfat. 5 0 

Agar. 2.0 


Another experiment was conducted using milk heated at 15 
pounds pressure for fifteen minutes. Here again the graph 2 
shows remarkable growth upon the administration of milk after 
a decline in weight for a period of twenty-five days on a basal 
diet as described above. 
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Bacillus sxibtilis (hay bacillus), its source and habitat being 
hay, straw, soil, dust, milk, etc., was fed to mice in the diet 
described above to determine its toxicity. At ten days the coats 
of the animals were shabby, but they slowly gained weight up to 
twenty days and then dropped. Upon the addition of autoclaved 
milk at 15 pounds pressure for fifteen minutes, a sudden gain 
oc(mrred. The animals gained from 20, 18.5, and 16 grams, 
to26,2:i.5, and 22 grams respectively in a five-day period (graphS). 



In another experiment the following basal diet was fed to mice. 

peremi 


Jlolled oats (treated to remove any traces of vitamin A). 40.0 

Casein (also treated to remove A). 5.0 

Salt mixture no. 35. 2.5 

Lard. 6.0 

Dextrin. 47.5 


This diet lacks in A vitamin. 
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The animals begain to show signs of xcrophthahnia (eye disease) 
at about sixteen days and loss of weight. However upon the 
addition of autoclaved milk three to five grams were gained by 
each animal in a five-day period (graph 4). 



An abundant growing soil organism was fed to younger mice in 
a basal diet lacking in B vitamin. Here the toxic properties of 
the organisms were marked, since it took five days to recover when 
autoclaved milk was added and this was followed by a gain in 
weight (graph 5). 
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CONCLUSIONS 

The fat-soluble A and water-soluble B of milk autoclaved at 
10 pounds pressure, and 15 pounds pressure for 15 minutes are not 
affected to any appreciable extent when fed as a source of vitamin. 
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THE OPTIMUM QUANTITY OF SKIMMILK FOR 
CALF FEEDING 

T. E. WOODWARD 

Vniled States Dairy Division Experiment Station, BeltsvillCj Maryland 
Received for publication November 27, 1922 

The experiment on calf feeding reported below w'as conducted 
at the Dairy Division Exi)criment Farm, Reltsville, Maryland, 
and had for its object, first to find out the quantity of skimmilk 
which would give the best results as regards gains in weight and 
economy of gains; second to find out if feeding large quantities 
would cause scours. 

There were four calves in each group, balanced as nearly as 
possible with reference to breed and body weight at birth. One 
group was given a dailj^ ration, at the rate of } of the body weight, 
the quantity being regulated by body weights taken everj- ten 
da 3 rs. Two other groups were fed at the rate of -J- and 6 of their 
body weights and the fourth group vv'as given all the milk the 
calves would drink, twice a day. Each calf received its mother’s 
milk until it was ten days old. The change to skimmilk was 
then made gradually and at the age of fifteen days the calf was 
on an entire skimmilk ration. The experiment ran for seventy 
days. The average of the w'eights for three consecutive days 
at the end of the seventy days was taken as the final weight. 
The results are given in tabular form on following page. 

The gains increased with the quantity of milk fed, the calves 
receiving all they would drink, making at least 50 per cent 
larger gains than those receiving milk at the rate of ^ of their 
body weight. To do this they drank about 80 per cent more 
skimmilk. As a result the milk required per one pound of gain 
was greater with the heavily fed calves, although it will be 
observed that the results are not entirely consistent in this 
respect. Apparently the calves which received all the milk 
they would drink made gains more economically than those fed 
at the rate of J of the body weight. 

Satisfactory gains were made by feeding skimmilk at the rate 
of I of the body weight. Whether or not more than this is to be 
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Gains in weight made by calves on various quantities of skimmilk 






DAYS 



TOTAL 

MILK 

FBB 

DAY 

MILK 

CALF 

BRBBD 

BIRTH 

FINAL 

ON 

TOTAL 

DAILY 

MILK 

PBR 

NUMBKB 

WJCIOHT 

WBIQHT 

BXPBRI- 

GAIN 

GAIN 

CON- 

POUND 





UKNT 



BUMBD 

GAIN 


Fed at the rate of 4 of body weight 


59 i 

Gr. Hoi. 

pounds 

64 

pounds 

130 0 

70 

pftujids 

66 0 

pounds 

0 94 

pounds 

902 0 

pounds 

12.89 

pounds 

13.7 

213 

P. B. Hoi. 

98 

182 0 

70 

84.0. 

1.20 

1266.0 

18.09 

15.1 

67 

Gr. Hoi. 

56 

129.5 

70 

73 5 

1 05 

859.5 

12.28 

11.7 

70 

Gr. Guer. 

63 

107.0 

70 

44.0 

0.63 

757.7 

10.82 

17.2 

Average.1 

70 2 

137 1 


66 9 

0 95 

946 3 

13 52 

14.2 


Fed at the rate of i of body weight 


57 

Gr. Guer 

68 

141.0 

70 

73.0 

1.04 

1142.0 

16 31 

15.6 

60 

Gr. Guer. 

62 

138 0 

70 

76.0 

1 09 

1046 0 

14.94 

13.8 

64 

Gr. Hoi. 

85 

164 0 

70 

79.0 

1.13 

1305.0 

18 64 


215 

P. B. Hoi. 

85 

161 0 

70 

76 0 

1.09 

1264.9 

18 07 

16.6 

Average. 

75 0 

151 0 

1 

76.0 

1.09 

1189.5 

16.99 

15.7 


Fed at the rate of i of body weight 


58 

Gr. Guer. 

58 

149.0 

70 

91.0 

1.30 

1279.0 

18 27 

14.1 

118 

P. B. Guer. 

77 

147.0 

70 

70.0 

1.00 

1472.0 

21.03 

21.0 

63 

Gr. Hoi. 

70 

185.0 

70 

115.0 

1.64 

1659.5 

23.71 

14.4 

214 

P. B. Hoi. 

83 

161.0 

70 

1 

78 0 

1 11 

1457 2 

20.82 

18.7 

Average. 

72.0 


■ 

88.5 

1.26 

1466 9 

20.96 

16.6 


Fed all they would consume twice daily 


18 

Gr. Hoi, 

89 




1.89 


29.19 

14.9 

106 

P, B. Guer. 

84 

200.0 


110 0 

1 66 

1898 0 

27.11 

16.4 

no 

P. B. Guer. 

68 


70 

95.0 

1.36 



16.2 

68 

Gr. Guer. 

57 





B 


19.1 

Average. 

74.5 

178,2 



1.48 

1695.5 

24.22 

16.3 


given will depend upon the rate of growth desired and upon the 
quantity of skimmilk available. Rather than throw away the 
skimmilk it would be better to feed it to the calves even if the 
larger quantities are not utilized so economically. 

No bad results from heavy feeding were noticed, although 
all of the calves in group four, except no. 68, drank at times more 
than 40 pounds of skimmilk a day. This would indicate that 
overfeeding in itself is not a common cause of scours. 




























AN experimf:nt manger 

ANDRIiW C. McCANDLLSH and FORDYCE ELY 

Dairy Husbandry Section, Iowa Agricultural Experiment Station, A mes, Iowa 

Received for publication July 25, 1022 

One of the difficulties in conducting feeding or digestion trials 
with cows is in having a suitable nianger. For these purposes 
the manger should prevent wastage of feed due to the cows 
throwing it over the top of the manger in front of them or drawing 
it towards them among the bedding. In addition, cows should 
be prev^ented from stealing feed from each other. 

A manger which has been in use in the Dairy Husbandry 
Section of the Iowa Agriciiltural Experiment Station for the last 
four years has been found very satisfactory. Sections of it are 
showm in figure 1. 



Fio. 1 Detaiis of an Expebiment Mangeb 
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It is constructed of gah^anized iron with one-inch angle iron for 
joining the ends to the main body and the flange turned up in 
front is supported with 1-inch strap iron. On the stanchion 
post at each end of the manger there are two hooks. Each hook 
and its attachment consists of two pieces of 2-inch strap iron 
which are bolted around the stanchion post and the end of one of 
the pieces in ca(!h pair is extended and formed into a hook. Eyes 
to correspond are on the manger ends. The inner edge is level 
■with the top of the 6-inch concrete sill in which the stanchion 
posts are set, and the concrete sill aids in the prevention of feed 
being wasted among the bedding. 

All comers in the mangers except where angle iron is used are 
rounded and this tends to keep the mangers clean. From the 
base of the sill to the front of the manger at the base is 14 inches. 
From there the front slopes upward at an angle of 45 degrees and 
then curves round more rapidly and the top of the manger extends 
inwards for 9 inches. 

The length of the mangers in use is 40 inches but they can be 
made of any length to suit the distance between the stanchion 
posts. 



BOOK REVIEW 


The Technical Control of Dairy Prodacis !)y Timothy Mojonnior and 
Hugh Charleys Troy is a n'al attx'nipt to assom})le an extensive treatise 
on the testing, analyzing and standardizing of dairy products and the 
manufacture of ice cream, condensed and evaporated milks. Beginning 
with a description of the dairy plant laboratory and its equipment a 
detailed technical discussion of th(‘ averag(^ composition of milk and th(‘ 
nature of milk constituents is presented in the form of an introduction 
into the field of dairy manufacturing. 

Ill subsequent six chapters are giv(‘n precise directions and pointed 
precautions in regards to sampling and testing various dairy products for 
butterfat and total solids. A brief history of the various tests for 
butterfat is related and emphasis is made regarding the Mojonnior 
butterfat test or the modified K(>s(‘-Gottlieb im^thod as employed in 
connection with the Mojonnior Tester. 

Several methods of standardizing milk, cn^am and condensed milks 
for butterfat and solids not fat plus detailiMl calculations for condensed 
milks arc illustrated by formulas of typi(*al problems and by the aid of 
extensive tables. 

A special chapter is devot(Ml to the composition and standardization 
of ice cream mixes and is supplemented by a set of problems and pains¬ 
taking coinpik'd tables to facilitate computations involved in tlie 
standardization of the ice cream batch. 

Under Chapter XV entitled ^‘The Overrun in Ice Cream’^ various 
factors influencing the same through the different processes emplo^'ed 
in ice cream manufacturing are discussini in tluj light of facts learned in 
different exiieriimuits on ic^e cream making. 

A very instructive chapter on dairy bacteriology with explanations of 
‘‘starters’' and their uses in dairy prodinds offers material which has 
never before been brought in such compact and practical shape. A 
chapter on dair}^ chemistry covering the most practical chemical analyses 
of constituents employed in dairy manufacturing is very comprehensive 
and can be highly recommended as a reliable reference to students^ 
in dairying. 

Detailed description of the vacuum pan and a simple and clear 
presentation of the manifold problems involved in the processes of con¬ 
densing milk and methods of sterilizing evaporated milk is a prominent 
feature of this treatis^\ 


247 



248 


BOOK REVIEW 


Essentials pertaining to milk inspection and scoring of various dairy 
products followed by definitions and standards for dairy and related 
products are conspicuously displayed. 

The last Chapter XXII gives diagrammatic illustrations of flow sheets 
of various phases of dairy manufacturing; indicates temperatures for 
holding, processing, and storing dairy products; it also gives a dis¬ 
cussion relating the properties of metals and alloys and their eflfects on 
milk. 

There are useful tables in the appendix and at the end of each chapter 
a bibliography of referencies is given to indicate the source of information 
on the various problems discussed in each chapter of the book. The 
systematic arrangement of the tables and illustrations in connection with 
a clear expression of rather technical matter makes it easily compre¬ 
hended by the nontechnical reader as well as the dairy expert. This 
book provides valuable infonnation to the dairy technologist, the ice 
cream maker, the manufacturer of condensed and evaporated milks as. 
well as to the creamery man and student in dairy manufacturing. It 
may be considered a worth while attempt to furnish the dairy manu¬ 
facturer with a reference book somewhat similar in nature to Henryks 
‘Teeds and Feeding” used by the stockman, the production man. 

Benjamin Masurovsky, 
Lincolny Nebraska. 



FRnZ WILHELM WOLL 


Dr. Fritz Williohn Woll, Professor f)f Ariiirial 
Nutrition, riiiversit\ of Cjilifornia, W(‘ll known as a 
writ(‘r on animal fecMlinj? and rlairy subjects, dit'd at 
P(‘rkel(‘y. ('alif , I)(‘r<‘inb(T 0, 1922 

J)i Woll received his early education in Christi¬ 
ania, Xoiway, obtaininj^ the degn*e of Paehelor of 
Philosophy from the Royal J'redericks X'niversity, 
('hristlania, in 18S3. Degrees of Master of Science 
and Doctor of Philoso])hy were conferred by the Pni- 
versity of Wisconsin in IS.Sh and 1004, resjiectively 
In 1KS7, T)r W<dl was ajiyiointed second Assiv«tant 
(‘hmmsl. Wisronsin Agncultuial I’!\j>eriment Station, 
rising lo('hemis1 loi the Station in 1S07 lit* becana* 
Proh-'isor of Agi H'ult oral ('h('mi>t r\ . I invei’Mlv of 
"WiNconsin in l9(Mi, which ]»o-<ilion he held until 101^1, 
^^llen he was called to the I lllV(Msl(^ r)t ('alifoinia as 
Professor of \nima1 Viitrilntn holding that <‘hair until hiv fleath 

JJr. Woll W’a'> llm aulhoi of man\ woiks, which ha\e Ixm u leissued in a iiuinbei 
of (Mliiions, imong (hes(‘ ma\ be nuud loneil the following. 

A Rook <11 Silage. re\ ised edition, 1000, 

A d'raiislat ion of Modmn l)air\ Practiei* 'From Swedihh ot C» (irottuifelt > 
IS*It -lird (‘dit ion, I'.iOo, 

\ Ilan<llM)<»k for iMrnao.''ami l)an\men, 1S07 t»th (*dition, lOM. 

Tc’sting Milk and Its I'nxlucts (with }hof(‘.s.sor !•'. 11 Farrington' 1S07 21th 
edition. lOIS; 

Froduefiv(' Feeiling of l*\arin \nimals, Pll.') 2nd edition, 1010- -did edit ion, 
1021, and 

F(M'd Alanual and Note Hook, 1017 

at, th(‘ Fnivi'rsit les of (’.alifoinia and Wisconsin Dr \\\)ll accomplislied 
a large amount of scientific work This is sliown by th(‘ series of im))ortant and 
timedy bulletins of the respect i\e agricultural experiment stations He was also 
an extensive eontribiilor to te<*hnieal publications and agmailiural and dairy 
})a])ers. His arliele.> \\er(‘ always replete with valuablt' aid to dairymen and 
haulers in giuieral 

Tt is owing, primanlv to fh(‘ untiring etbnts of Dr, Woll that cow-test mg 
assoeiat ions, w hieh j>rov<‘d ol ho much value ami importaiua' to the dany industrv 
ot (\alitorma, were di’velopetl and placed on a busiiiess-lik(‘ ami ptoanaiumi basis 

Dr, A\"olI was a nuunbc'r of m:ni\ agiieultural and seumtific sockUk's. mcliuhng 
\\ iseonsin Academy ot Seiema's, Arts and J..ett(*rvS, Society for th(‘ Ih'oinotion of 
Agricultural Science; American Stjciety for .Vinmal I’roduetion: Association ol 
OHieial Agricultural Clnunists ipri'snlenf, HH)0-11); .Vmencari Dair\ Science 
Association; Sigma XI, Intc'rnational Juiy Panama Pacific International F.xpo- 
sition, 1015. 

Thti passing of Dr. XN'oll is a greiit loss lo the* l'niversit\' of ('ahfornia and to 
thf‘ animal industr\ of tin* whole country. 



M. Fb J\Fi A. 




THE EFFECTS OF UNDERFEEDING ON MILK 
SECRETION 

ARTHUR C. RAGSDALE and CHARLES \V. TURNER 

Department of Dairy Husbandry, University of Missouri, Colombia, Missouri 
Received for pid)lication, February 12, 1923 

It has been shovvTi by Eckles and Palmer (1) that under¬ 
feeding has a marked influence on the composition of milk. They 
recognize three types of underfeeding: (a) the withdrawal of a 
certain portion of the total food of the animal, (b) the reduction 
to a normal plane of animals on a supernormal plane of nutrition, 
and (c) the physiological underfeeding resulting from the strong 
stimulus for milk secretion during a number of days after par¬ 
turition when it is not possible for the appetite of the cow to 
supply the demands for nutrients to support both the milk flow 
and her body weight. 

It was found in all of their experiments that a high fat test 
accompanied the reduction in the plane of nutrition; and the 
effect was greatest in the cases of greatest reduction. The 
increase in the percentage of fat was especially marked when the 
cow had been on the supernormal plane of nutrition for a con¬ 
siderable period before the reduction of the plane. The influence 
of physiological underfeeding (2) has been recognized in making 
large short time official records during which time an abnormally 
high test results. 

The object of this paper is to present data showing the effect 
of the first tw'o types of underfeeding especially as they affect 
the reliability of the two-day semi-official yearly record. 

Three cows, a Jersey, a Holstein-Freisian, and an Ayrshire, 
in the first half of their lactation period w'ere selected for the 
first experiment. Before bemg placed on experiment, it was 
foimd that the cows were on a supernormal plane of nutrition as 
determined by w’eighing all hay, grain and silage during a three- 
day preliminary period. 
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Following the preliminary period, the cows were put on a 
ration calculated to furnish as nearly as possible exact require¬ 
ments as determined by the feeding standards, They received 
a ration composed of alfalfa hay, silage, and a grain mixture. 
This ration was continued for ten days. One half of each con¬ 
stituent in the ration was then removed and the reduced ration 
continued for ten days. The original funount of feed was then 
again gradually given. 

The results are shown in table 1 and chart 1. It will be seen 
that there is a very decided increase in the per cent of fat in the 
miUc when the ration was reduced one-half. The maximum per 
cent of fat occurred during either the second or third day after 
the reduction in feed was made. TMiile there was some variation 
in the tests after reaching the high point, they remained con¬ 
siderably above normal during the remainder of the period. 
As soon as the cows were put back on full feed, the per cent of 
fat in each case went down very rapidly and decidedly and re¬ 
mained considerably below normal during the following ten day 
period. 

The quantity of milk produced was decidedly affected in 
the opposite way. The greatest reduction in milk occurred the 
second day after the reduction in the feed, followed by a gradual 
decline throughout the period. WTien the cows were brought 
back to full feed they gradually increased in production but did 
not reach that of the three day preliminary period during the 
following ten days. 

The increase in the per cent of fat was not sufficient to cause 
an increase in the total amount of fat due to the reduction of 
milk. 

The weight of the cows in the group was reduced considerably 
during the reduction in the feed, averaging 78 pounds per cow. 

It is commonly thought that a feverish condition of a cow may 
be a cause of the increase in the per cent of fat in the milk. To 
determine whether underfeeding would cause a feverish con¬ 
dition, the temperatures of the animals were taken at each 
milking. The figure recorded is the average of these reading^. 
It will be noted that feed reduction did not produce a feverish 
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TABLE I 

The effect of feed reduction on milk secretion 


DATE 

, ^.\E11U3E 

! MILK 

* PEHDVY 

TllFK 

AVEHAGE 

FAT 

AVEKAOE 

FAT 

PElt DAT 

BODY 

TF.MP£ItA- 

TLTKE 

AVERAGE 

WEIGHT 

OP COWrt 

1;k0 

, j)ij' n is 

j»r cent 

j)o-ni is 


pounds 

February 19 . 

' 38 7 

4 051 

1.560 

101 03 


February 20 .. 

40 3 

3 Kf,9 

1 561 

101 22 


February 21 . 

39 7 

4 ->59 

1 602 

101 00 


Averaj^e 

39 6 

4 059 

1 607 


884 

February 22 . , 

40 3 

3 862 

1 558 

101 03 


February 23 

1 37 8 

4 070 

1 539 

100.77 


February 24 . 

30 7 

4 2S0 

1 572 

100 77 


February 25 

37 5 

4 052 

1 521 

100 86 


Fel)ruary 26 

■ 36 5 

3 916 

1 430 

100.78 


February 27 . 

' 36 8 

4 062 

1.495 

100 97 


February 28 

‘ 35 8 

3 018 

1 402 

100 57 


February 29 

34 4 

4 304 

1 481 

100 77 

1 

March 1 

3(J 5 

3 615 

1 318 

j 101 02 


March 2 

34 2 

3 777 

. 

1 293 

100.62 


Average . 

; 36 7 

3 985 

1 461 


891 

March 3 

36 S 

3 772 

1.3S7 

101 09 


March 4 

28 6 

4 500 

1 289 

100 27 


March 5 , . 

. 2S 1 

1 4 849 

i 1 363 

1 100.46 

i 

March 6 . 

; 27 3 

4 494 

' 1 227 

j 100.11 


March 7 .. . 

' 25 8 

4 36(i 

1 1 127 

100 66 


March 8 . 

t 25 0 

I 4.531 

; 1 131 

! lOOrQO 


March 9 .. 

i 2^4 8 

, 4 591 

i 1 140 

1 101 66 


March 10 . 

1 25 7 

! 4 440 

1 141 

; 102 03 


March 11.. , ., 

i 25 5 

1 4 687 

1 1 194 

1 100 62 ! 


March 12 . 

1 26 4 

4 500 i 

1 1 120 

i j 


Average. 

i 27.2 

4.453 

1 1 212 

i 

813 

March 13 . . 

' 23 6 

1 4 363 

1 031 1 

i 101 20 


March 14 . .. . 

1 28 1 

3 SOI 

1.067 

■ 100.89 


March 15. 

* 28.9 

3 717 1 

1.073 

101.27 


Mar<‘h 16 . .. . 

1 31 4 

3 673 i 

1 153 1 

100 84 


March 17 . 

i 33 S 

3 710 ! 

1.254 ; 

101 01 


March 18. 

32.8 1 

3.625 

1 189 

101.12 


March 19. 

33.2 1 

3.6l’4 

1 203 

101 02 


March 20. 

34.1 j 

3 58 ’ 

1 222 

100 89 


March 21. 

35 2 j 

3.563 

1.254 1 

100 82 


March 22 . 

34 3 j 

3 S23 

1 313 ! 

101 04 


Average. 

31 5 

3.728 

1.176 1 

900 
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Chart 1 
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condition of the animals during the ten days of the reduction. 
One cow bloated during this period and showed a slightly increased 
temperature for three days. 

These results show that there is a considerable increase in the 
per cent of fat during the second and third days following feed 
reduction. As only three cows were used, the results w'ere checked 
by using a larger number of animals in varying stages of lactation. 
Table 2 gives a description of the cows. 

During a three day preliminary a full feed was given similar 
to that previously fed and complete records were kept. The 
fourth day each constituent of the feed was cut exactly 50 per 


TABIE 2 

Description of cows 


COW NL-MEER 

MONTH OF LVCTATION i 

1 ‘ 

DREED 

AVERAGE DAILY MILK 

1 PKODCCTION AT 

START or EXPEBIMEOT 

64 

2 ' 

Jersey 

i pounds 

35 

no 

*) t 

Jersey 

1 25 

iii] 

s 1 

Jersey 

14 

120 

1 (1 i 

Jersey 

1 24 

275 

4 1 

Holstein 

j 32 


■’ 1 

Holstein 

19 

2S?^ 

! 9 

Holstein 

10 

325 

2 1 

’ I 

Ayrshire 

34 


cent, ^’his feed reduction was continued for three days, after 
w'hich the plane of feeding was again returned to normal. Table 
3 shows the results. It wall be seen that the per cent of fat 
again showed a very decided increase by the third day on the 
reduced ration. This increase was followed by a decrease in the 
per cent of fat shortly after the feed was returned to noi-mal. 

The flow’ of milk did not appear to be reduced as much in this 
experiment as in the year previous. This is partly accounted 
for by the fact that some of the cows w’ere more advanced in 
lactation and were not producing heavily. It appears that the 
cows producing large amounts of milk are affected more by the 
cut in the feed than those producing only a limited amoiuit of 
milk. 
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The total fat production was not increased by the feed re¬ 
duction as the milk flow was sufficiently reduced to counter¬ 
balance the effect of the increase in the per cent of fat. 

The findings indicate that in the case of cows on yearly test the 
average per cent of fat during the two-day test can be influenced 
by reducing the feed of cows on test two days previous. 

In view of the peculiar effect of underfeeding on the per cent 
of fat, this factor should be considered in interpreting data on 


TABLE 3 

The effect of feed reduction on vulk i^ecrction 


DATE 

AVERAGE 
DAILY MILK 
PBODI'CTION— 

8 COWvS 

TRITE 

AVERAGE 

FAT— 

8 COWS 

AVERAGE 
DAILY FAT 
PROnirCTION— 
8 t OW8 

MEAN 

ATMO«*PHEBIC 
TEMPERATCRB 
FOR THE 
TWENTY-FOUR 
HOURS 

March 12. 

23 02 

jier cent 

4 805 

1.106 

50 

March 13. 

24 61 

4 514 

1.111 1 

57 

March 14 . 

24.98 

4.384 ! 

i 1.0i15 

00 

March 15. 

24 70 

4.700 

1.161 

60 

March 16. 

22.08 

4 524 

0 999 

47 

March 17 . 

21.20 

5 137 

1 1.089 

1 

i 58 

March 18. 

21.51 

4 826 

1 

! 1.038 

04 

March 19. 

23 56 

4 334 

1.021 

70 

March 20. 

23 76 

4.192 

0.99G 

69 

March 21. 

23 50 

4.268 

1 003 

41 

March 22. 

23.07 

4 516 

1.042 

43 

March 23. 

22 56 

4.486 

1.012 

48 

March 24. 

23 17 

4.536 

1.051 

55 


the possibility of increasing the per cent of fat by the adminis¬ 
tration of drugs. If cows go off-feed due to the administration 
of drugs there is the possibility of the per cent of fat increasing 
due to the self-reducing plane of nutrition as well as to the in¬ 
fluence of the drugs. 

The effect of underfeeding as it influences experiments of other 
types was shown very clearly in work being carried on at this 
station (3) to show the correlation between the atmospheric 
temperature and the per cent of fat in milk. The data up to the 
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('n Mrr 2 

iinio tlio cows were ])l:ice(l oii pasture indicate that there was a 
causative relation between teiui)erature and the percentage of 
fat in milk, showing roughly an increase of about 0.15 per cent 
of fat for a decrease in the leinpt'ratun' of lO'^F. The cows on 
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this cxpcriinoiil wei-e tunied to pasture May 5, 1921. Table 4 
.shows that, there was a significant increase in tlie i)er cent of fat 
following th.at day which could not be accounted for by the 
temperature. It is beliexed that the uiuleiiying cause of the 
increase was due to underfeeding resulting from the fact that 


Toii.r; 4 



The effect (if paf^tuK on the pei (cnL of ^ 

fnt in milk 


April 

' .\t 1 \ N 

■ vruo-.i*m liiu 

K>r. 

rw 1 vi”) -rouit 
, tlOl If' 

05 

1 TO I VI 

IMIIA HI K 0 \ V 

1 WlJlVf.l 

; iixovv' 

20 10) 

1 THl f 

V\ t KAi.l- F 

1 l*KH 1>.VV 

V^KU\(.I. 
10 ( «JVV 

1 pf r (> td 

1 1 03 

Ai)iil L’t 

73 

: L’d 47 

•1 72 

April 25 

71 

2(> 35 

4 S3 

April 21) 

50 

; 25 95 

1 01 

Ajiril 27 

32 

; 25 95 

4 SO 

April 2S 

50 

; 21 93 

1 4 77 

A])ril 29 . 
Ajiril 30 

50 

53 

25 72 

4 73 

May I 

40 

25 37 

4 S5 

May 2 

40 

1 Jl () 

5.20 

May 3 

to past UK* 

47 

24 1 

5 19 

May 1 

51 

24 9 

5 19 

May 5 

50 

24 1 

' 5 50 

May 0 . 

5S 

21 0 

5 2S 

May 7 

tiO 

; 27 5 

5 20 

May .S 

5S 

24 2 

5 31 

May 9 

' 03 

, 25 5 

5 20 

May 10 

02 

21 S 

' . 5 47 

May 11 

00 

1 25 3 

! \ S2 

May 12 

; 03 

1 20 0 

; 5 24 

May 13 

00 

; 27 3 

! 5 01 


fresh pa.sture grass has a high water content, which makes it 
impossible for a high producing cow to consume .sufficient nutrients 
to satisfy her i-equirements. Furthermore it takes .some time for 
the animals to be(!ome accustomed to foraging after stall feeding 
during the winter. This results in underfeeding for a short time 
with the resulting affect on the per cent of fat. 
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SUMMARY 

It was shown that when the ration fed to dairy cows was 
reduced 50 per cent that there was a decided increase in the per 
cent of fat in the milk. The peak of the increase in the per cent 
of fat was reached about the third day. The per cent of fat 
remained abnormally high as long as the reduced ration was 
continued (ten days). When the ration was brought back to 
normal the per cent of fat decreased and remained below that of 
the preliminary period during the entire ten-day period. 

The quantity of milk produced was reduced, the amount of 
reduction depending on the length of the feeding period and the 
stage of the lactation period. 

The total yield of fat was not significantly changed. 

Underfeeding did not appear to cause a feverish condition of 
the udder. 

The effect of underfeeding should be taken into consideration 
in interpreting data on feeding trials of short duration, the effect 
of drugs on the per cent of fat, pasture experiments, and other 
experiments of this type where significance is placed upon a varia¬ 
tion in the per cent of fat. 

CONCLUSIONS 

1. It is possible to materially increase the per cent of fat in the 
milk of cows during the tw'o-day test made in connection with 
yearly semi-official records. Greater care should, therefore, be 
exercised by those in charge of this work to prevent advance 
information reaching the breeder as to the exact time the test will 
start. 

2. As the total amount of fat is not materially increased, and 
may be decreased it is of little or no value to reduce the feed on 
a seven day test in an attempt to increase the total daily pro¬ 
duction of fat. 
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INTRODUCTION 

There are many flavor defects in milk products that have been 
attributed by investigators to the presence of copper or other 
metals. Seldom is the flavor directly from the metal itself but 
through what has been supposed to be a catalytic effect some of 
the milk constituents are broken down and compounds with 
disagreeable odor and taste are produced. 

In 1905 Golding and Feilman (1) described an "alkaline 
mealy flavor” which they found in certain samples of market 
milk. The trouble was traced to the use of a cooler from which 
the tin was worn thus exposing a copper surface: the presence 
of small amounts of copper dissolved in the milk together with 
the acti\ ity of certain organisms was believed to be the cause 
of the development of the peculiar flavor. The fact that the 
flavor was noted only after about sixteen to eighteen hours 
gave proof that it was not due to the copper salt itself, but that 
the copper in some way caused or assisted in a change which 
resulted in the formation of a substance which rendered the 
flavor objectionable. Rogers, Berg, Potteiger and Davis (2) 
investigated very thoioughly the flavor of butter obtained from 
cream which had been allowed to become contaminated with 
copper as well as iron. They found that "in every instance the 
scores on the control butters were better than the scores on the 
butter made from cream to which copper had been added, even 
in the small amoimt of 1 mgm. of copper per kilo of cream.” 
Hunziker and Hosman (3) by allowing butter to stand in con¬ 
tact with certain metals and their hydroxides found tallowiness 
developing invariably when copper was the metal. Palmer 
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and Combs (4) added copper lactate to cream in small amounts 
and proved that butter made from this cream became tallowy. 
Results similar to those just described have been reported also 
by Rosengren (5). 

Olson (6) found that the action of rennet on milk w'as slow^ed 
down by the presence of copper and Gerber (7) reported that 
among other salts those of copper affected the rate of coagulation 
of milk by various vegetable and animal ferments. 

Hess (8), and Hess and Unger (9) have recently discovered 
the interesting fact that w'here milk has become contaminated 
with copper the activity of the antiscorbutic vitamine is reduced. 

Aside from the proof given in these published reports of in¬ 
vestigations on the evil effects of copper contamination on 
milk products it is also well known that in the trade most of 
the unexplained defects in dairy products have been attributed 
to this factor, for instance, the strong flavor developing in 
powdered w'hole milk after a few months in storage has been 
thought by manufacturers to be caused at least partly by the 
presence of copper. Certain observations have been made in 
this laboratory also which indicate that unusually large amounts 
of copper in sweetened condensed milk can cause tallowiness 
in that product. 

Changes brought about by the contamination of copper and 
other metals on foods other than dairy products have been 
demonstrated by various investigators particularly by Emery 
and Henley (10). They have pointed out what seems to be 
generally true, that the metals themselves do not bring about 
the decompo.sitions except in presence of air or oxygen. • 

The activity of such metals as copper which assist in oxidative 
changes has led to the use of the term “oxygen carrier.” The 
practice has long been made of adding copper in Kjeldahl diges¬ 
tions to hasten the oxidation of the organic material. The 
catal 3 dic activity of copper in various organic and inorganic 
reactions is w^ell known. Golding and Feilman (1) seemed to 
suspect that the defect which they noted in market milk result¬ 
ing from copper contamination was related to an oxidative 
process since a similar flavor could be produced by adding oxidiz- 



COPPER IN DAIRY PRODUCTS 


263 


ing agents such as hydrogen peroxide. Also most of the investi¬ 
gators mentioned above have considered the changes from that 
point of view. 

Since copper has been found to be such a dangerous impurity 
in milk products it seems important to know something about 
how it gets there in the first place, and with this knowledge to 
devise means of keeping it out if possible. Inasmuch as such 
equipment as pasteurizers, coolers, and sanitary pipe are usually 
constructed of copper coated with tin there is always the pos¬ 
sibility of the tin wearing through, leaving the copper surface 
in contact with the milk. Furthermore in the manufacture of 
condensed, evaporated and powdered milk and ice cream mixes, 
cfipper hot wells and vacuum pans are ordinarily employed. 
Chemical analysis is not necessary to show that copper is dis- 
solvetl by the milk from this equipment as it can always be 
noticed that the surface of a copper hot well or pan is brighter 
and smoother in appearance after contact with hot milk than 
before. 

Copper as a normal constituent of cow's milk has been re¬ 
ported by some investigators while others have thought it not 
to be naturally present. Of course this might be expected to 
vary' as the. copper content of the feed of the cow changes. Some 
recent work by Supplee and Beilis (11) indicates that copper 
may be expected naturally in cow’s milk to the extent of about 
0.52 part per million on the average. 

The purpose of this work was to consider whole milk merely 
as a solvent and to determine the amount of copper dissolved 
in the fluid when in contiict with the metal under various con¬ 
ditions. From this point of view Golding and Feilman (1) 
made a few experiments to determine the influence of air on the 
solubility and it was found that bubbling air through the milk, 
or suspending copper gauze at the surface of the milk increased 
enormously the amount of copper dissolved. Upon pasteurizing 
milk in a copper vessel at 145°F. for one-half hour Hess (8) 
found the milk to contain “three or four parts of copper per 
million.” 
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Donauer (12) by weighing strips of metal before and after 
contact with fresh milk, sour milk and 0.2 per cent lactic acid 
found much more of the metals dissolved at pasteurizing than at 
lower temperatures. Many of the metals, including copper, 
were attacked by fresh milk to about the same extent as sour 
milk. Also, Supplee and Beilis (11) made some observations 
on the amount of copper taken up by milk during handling in 
milk plants. Passage of milk through sanitary piping from 
which the tin was worn resulted in an increase in copper content 
as much as 2 mgm. copper per liter. Condensing in copper 
vacuum pans caused an increase in copper in the milk of from 
0.38 to 2.98 mgm. per liter, and after storing milk in copper 
containers for t\v'elve hours at 45°F. it was found to have taken 
up 1.21 mgm. of copper per liter, and for two hours at 150°F.— 
4 mgm. per liter. 


EXPERIMENTAL 

Except where otherwise stated, strips of pure copper were 
used giving 140 square inches of surface, .\fter allowing 2000 cc. 
of good fresh milk to stand in glass flasks in contact with the 
metal under the conditions of the experiment, the milk ivas 
poured off and evaporated to dryness. The residue was ignited 
in a muffle furnace and the ash dissolved in a small quantity of 
nitric acid. The copper in solution was determined electrolj’ti- 
cally, and in some cases where the (luantity of copper was 
extremely small it was dissolved off the gauze electrode and run 
colorimetrically by the potassium ethyl xanthate method (13). 

In making the electrolytic separation directly from the solu¬ 
tion it was sometimes found that a good deposit Avas not obtained, 
so that the practice was adopted of depositing the copper first 
on one of the gauze electrodes, than after washing out the solu¬ 
tion Avith water acid \A*as added and the current reversed. In 
this way the cathode could be coA'ered Avith a smooth deposit 
of good color. 

Particular care was taken to haA'c the water and all reagents 
used free from copper. In a great many of the experiments 
copper determinations were made on portions of the untreated 
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milk as checks. All these analyses gave results very close to 
0.5 mgm. per 1000 cc. and this figure was always subtracted 
from the results. The milk was obtained from the salesroom 
of the College of Agriculture and no observations were made 
as to the character of the equipment through which it had passed 
from the time it was drawn from the cow. Therefore, it could 
not be certain in this instance that the milk had not taken up 
some copper in handling. Yet it is interesting to note that 
the above figure is very near to that found by Supplee and Beilis 
as the amount of copper normally present in cow’s milk. 

All milk used in any given experiment was from a single com¬ 
posite sample. While each experiment in practically all cases 
represents a different tank of milk from every other one. 

Effect of air and oxygen on the solvent action of milk 

Experiment 1. Three portions of milk were heated at 140°F. 
with copper strips for one hour. In sample 1 the flask was 
merely shaken from time to time. Through 2 air was bubbled 
throughout the heating period and in sample 3 pure oxygen 
was passed similarl}'. Amount of copper dissolved by the milk 
in milligr.ams per liter follows: 

mom 

Sample 1. .5 45 

Sample 2 . . .25.15 

Sample 3. . . lost 

While flask 3 was broken near the end of heating period it 
was apparent that an enormous amount of copper had been 
dis.solved for the milk had become intenselj' blue. 

These results substantiate those of Golding and Feilman 
showing that oxygen and air increase to a great extent the amount 
of copper dissolved by milk. 

It should be noted in this connection that copper has been 
found (14) to be dissolved by organic acids only when a supply 
of air is afforded. However, this example is not exactly parallel 
to that of the action of milk since perfectly fresh milk is believed 
to contain no free organic acid. .41so, Emery (15) has shown 
that oxygen assists in the solution of some metals in fats. 
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Solution from a smooth bright copper surface compared with one 
darkened by an oxide incrustation 

Experiment 2. Half of the copper strips were coated with 
oxide by holding for an instant in the blue flame of the Bunsen; 
the others were well polished. By immersing in the milk for 
one hour at 140°F. the following amounts of copper were found 
to be dissolved in milligrams per hter: 


mom. 

Bright copper. 5.45 

Darkened copper. 19.90 


Experiment 3. In this case the copper strips were treated 
by immersion in chlorinated soda solution of a strength such 
as is usually employed in milk plants for disinfecting purposes. 
The strips were then dried in air, which caused the surface to 
become quite dark. The milk in contact with the copper was 
boiled for one and one-half hours, and the following amounts of 
copper were dissolved per liter of milk: 


mom. 

Bright copper. 5.35 

Darkened copper.26.50 


Experiment 4- This experiment was run at the same time 
in exactly the same way as experiment 3 except that the milk 
contained 18 per cent sugar. The following results were ob¬ 
tained. 

mom. 

Bright copper. 6 45 

Darkened copper.*20.60 

These experiments show the ease with which copper dis¬ 
solves from a corroded surface of copper as compared with a 
well polished surface. 

The fact that air increases the solvent power of milk is no 
doubt related to the fact that copper dissolves from a surface 
coated with oxide more readily than from a polished surface. 
It can always be noticed that where milk is heated in a copper 
vessel there is very soon formed a streak of dark copper near the 
surface of the milk. By covering this with milk it is soon dis- 
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solved and a new ring forms again at the surface. It is entirely 
probable, therefore, that air assists in the solution of copper in 
milk by continually corroding the surface, thus rendering the 
copper more readily dissolved. 

Relation of carbon dioxide to the solvent power of milk 

Generally carbon dioxide is considered to increase the dis¬ 
solving power of solutions. This gas is known to increase the 
solubility of copper in water and in some salt solutions though 
it greatly decreases the solubility of copper in ammonium chlo¬ 
ride solution (14). Milk contains a considerable proportion of 
this gas, so the following experiments were carried out to de¬ 
termine if this might be a factor in the reaction. 

Experiment 5. Four thousand cubic centimeters of milk was 
heated and by applying vacuum and agitation the gases were 
removed as much as possible. This was divided and cooled. 
Half of it was saturated with carbon dioxide by bubbling the 
gas for a long time. The two portions were heated with copper 
strips at 140°F. for one hour. ^Milligrams of copper dissolved 
per liter were as follows; 


mgm 

Saturated with carbon dioxide . 4 SO 

Not so treated .7,65 

Experiment 6. Two portions of milk were heated at 140® 
for one hour with copper. In one case carbon dioxide gas was 
bubbled through the milk during the heating period and in the 
other case nitrogen gas. The latter was taken as a check so 
that approximate!}' the same degree of agitation could be 
effected in the two cases; the solvent power of the milk should 
not be changed by the nitrogen. Following are the amounts of 
copper dissolved in milligrams per liter. 


mgm. 

Passing carbon dioxide.9.05 

Passing nitrogen.9.70 


Experiment 7. On another occavsion two 2000-cc. portions of 
milk were boiled with copper strips for two and one-half hours. 
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In one case carbon dioxide was bubbled through the milk through¬ 
out the heating period, and in the other case no gas used. Fol¬ 
lowing are the results in terms of milligrams copper per 1000 cc. 
of milk. 


mgm. 

Passing carbon dioxide. . 17.5 

No gas.17.9 


These experiments show beyond doubt that carbon dioxide 
has no influence on the solvent power of milk. The milk used 
in experiment 7 showed a much greater solvent action on copper 
than most of the samples used, there was apparently no explana¬ 
tion for this variation. However, the comparison of the check 
against the portion with carbon dioxide is very similar to the 
results in experiment 6. 

Effect of amount of surface exposed and the time of contact with 

the metal 

Experiment 8. A series of 3 samples were run as follows; 

Sample 1— 70 square inches of copper, two and one-half hours boiling. 

Sample 2—140 square inches of copper, two and one-half hours boiling. 

Sample 3—140 square inches of copper, one and one-quarter hours boiling. 

The quantities of copper dissolved were: 

Sample 1—1.45 mgm. per liter. 

Sample 2—4.10 mgm. per liter. 

Sample 3—2.9|;5 mgm. per liter. 

On account of the wide limits of error in these results no con¬ 
clusions should be drawn quantitatively. However, it is evi¬ 
dent that the more surface of copper* exposed and the greater 
the time of exposure the more copper will be dissolved, and if 
there is a limit to the amount of copper the milk will dissolve 
it has not been found in this experiment. 

Effect of temperature on the amount of copper dissolved 

Experiment 9. Detemainations were made at three tempera¬ 
tures. In each the milk was in contact with the copper for 
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two and one-half hours, the strips being dropped in after the 
temperature of the milk was brought to the desired point. 
The following were the quantities of copper in milligrams dis¬ 
solved per liter of milk: 


mgm. 

Room temperature. G.OO 

U5^F . 14.15 

Boiling. 4.45 

Experiment 1^. The results of experiment 9 seemed so ex¬ 
traordinary that another experiment was run in exactly the 
same way. The following results were obtained; 


mgm 

Room temperature . 4.95 

145°F. .11.30 

Boiling. . . . . 3 85 

Experiment 11, Still another run was made as in the two 
preceding experiments except that the temperatures of boiling 
and 145°F’. only were used. Quantities of copper per liter 
were as follows; 

mrjm 

At Ho'F. . 10.25 

Boiling. . 5 35 

It is evident from these experiments that milk attacks copper 
much more readily at 145°F. than at boiling temperature and 
also that there is but little difference between the amount dis¬ 
solved at room temperature and at boiling. In this connection 
it might be pointed out that Carnelley (16) has shown that 
copper dissolves in water and in some salt solutions less readily 
at boiling than at lower temperatures. Also Emerj- (15) found 
that the rate of solution of certain metals in fats w^as independent 
of the temperature. 

On the other hand, it appears that the question is not quite 
so simple as this as wdll be shown in the next experiment. 

Experiment 12. Four thousand cubic centimeters of milk 
was boiled for thirty minutes, cooled, and the water which was 
lost on evaporation was replaced. This was divided and through 
2000 cc. air was bubbled for fifteen minutes. Both of these 
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portions were heated at 145° with copper for two and one-half 
hours and at the same time 2000 cc. of the same milk unboiled 
was heated with the same amount of copper for the same time 
and at the same temperature. The following results show the 
amounts of copper dissolved per liter of milk in milligrams: 


tngm. 

Boiled, cooled and saturated with air. 5.45 

Boiled, cooled, no treatment . 5.35 

Not boiled. 16.25 


This experiment shows that by boiling the milk something 
is destroyed or transformed thus reducing the solvent power 
of the milk. It was at first thought that this might be explained 
on the basis of a removal of air by boiling, and that was the 
reason for introducing air into one of the boiled portions in the 
above experiment. However the results show that this would 
not explain the difference in activity between boiled and un¬ 
boiled milk. Yet another experiment was carried out to surely 
prove the point: 

Experiment 13. Four thousand cubic centimeters of milk 
which had been boiled for some time was cooled to 145°, divided, 
and air bubbled through half of it for one hour. Both portions 
were than heated with copper for two and one-half hours at 
145°F. Amounts of copper di.ssolved per liter of milk were 
as follows: 


vtgm 

Saturated with air. 6.45 

Check. 5,60 


Effect of the addition of sucrose on the solvent action of milk 

In the manufacture of sweetened condensed milk there is 
ordinarily added to the milk in the hot wells 18 per cent sugar 
which solution is drawn into the vacuum pan for condensation. 

Experiment I 4 . In sample 1 milk with no addition dissolved 
from smooth bright copper strips in one and one-half hours at 
boiling 5.35 mgm. copper per liter, while in the sample containing 
18 per cent sucrose under the same conditions 6.45 mgm. of 
copper was dissolved. Again using copper strips which had 








COPPER IN DAIRY PRODUCTS 


271 


been darkened by immersion in chlorinated soda solution and 
drying in air, milk with no addition dissolved 26.5 mgm. copper 
per liter while milk with sugar dissolved 30.6 mgm. 

The addition of sucrose to the milk in the manufacture of 
sweetened condensed milk increases but little the amount of 
copper dissolved. 

Effect of the acidity of the milk on the amount of copper 

dissolved 

Experiment 15. A sample of fresh milk with acidity of 0.16 
per cent was allowed to act on copper at 140°F. for one hour 
when it was found that 5.45 mgm. copper was dissolved per 
liter, and the same milk allowed to stand in the laboratory until 
it reached 0.2 per cent acidity dissolved under the same condi¬ 
tions 6.55 mgm. copper. 

Experiment 16, A portion of the same milk used in experi¬ 
ment 12 was allowed to stand at room temperature until the 
acidity had re.ached 0.216 per cent. (The original milk titrated 
0.162.) This sample was then heated with copper at 145°F. 
for two and one-half hours. The amount of copper dissolved 
per 1000 cc. of milk was found to be 5.65 mgm. 

From these experiments it must be concluded that slight 
increases in acidity of the milk do not greatly increase the amount 
of copper dissolved; in fact the amount of copper dissolved 
was actually reduced in the last experiment. Inasmuch as the 
acidity of the samples of milk in these experiments was much 
lower than would be found in very sour cream and buttermilk, 
conclusions should not be drawn from these results as to the 
behavior of those products. 

Distribution of copper between the cream and the skim milk 

fractions 

Exjxrimeni 17. Six thousand cubic centimeters of whole 
milk was heated with copper some air being passed into the milk 
at the same time in order that a considerable quantity of copper 
would be dissolved. Four thousand cubic centimeters of this was 
put through a hand separator and in this way there was obtained 
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875 grams of cream testing 20.2 per cent fat and 5.94 per cent 
solids not fat, and 3110 grams of skim milk testing 0.1 per cent 
fat and 9.2 per cent solids not fat. The total amounts of copper 
found were 27.5 mgm. in 2000 grams of whole milk; 7.8 mgm. 
in 875 grams cream and 27.8 mgm. in 3110 grams skim milk. 

First of all, these results show that there was a loss of copper 
in the separator—4000 cc. of whole milk contained 55 mgm. 
copper, but in the cream and skim together there was found 
only 35.6 mgm. From this it would seem that a considerable 
part of the copper must have become insoluble and gone into 
the slime. 

In order to make further comparisons some calculations were 
made from the above results as follows: 



CREAM 

SKIM 


tnffm 

mgm 

Copper per kilo of fraction . 

8.9 

8.9 

Copper per 100 grama of fat . 

4.4 

894.0 

Copper per 100 grams of solids not fat .... 

15 0 

9.7 

Copper per kilo of water . . .. . 

12 0 

9.9 


From these calculations it is seen that the copper distributes 
itself between the cream and skim fractions in proportion to 
the weight of the fraction itself and quite closely to the distribu¬ 
tion of the water. I'rum this it would seem that the copper is 
merely dissolved in the water. 

There is one point of certainty from these re.sults—that the 
copper does not distribute itself with the fat and, therefore, 
is not dissolved in the fat as was assumed by Donauer (12). 
Similarly, it was shown by Rogers, Berg, Potteiger and Davis (2) 
that although excessive amounts of iron in cream affected the 
quality of butter made therefrom, yet most of the iron went 
into the buttermilk fraction. In order to have an agency 
acting upon fat it is not necessary to suppose that it dissolves 
in the fat, it may be dissolved in the moisture incorporated in 
the fat or be adsorbed at the surface of the fat globules. It 
has been found in this laboratory that upon separation of a 
quantity of milk most of the lipase is found in the skim milk. 
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Also, it has been pointed out by Beatty (17) that pancreatic 
lipase is “entirely insoluble in fats, fatty acids and solutions 
of fats in ether, yet it acts on these bodies.” 

On the other hand Watson has shown that copper does dis¬ 
solve in certain oils (14). It is evident, therefore, that con¬ 
siderable work should be done along thi.s line before conclusions 
can be drawn as to the agency in the milk most important in 
dissolving the metals. 

Electrochemical relations bcliceen copper and tin 

In the electrochemical .series of elements copper is somewhat 
below tin, consequently tin replaces copper in solution, the 
latter plating out. There is the possibility, therefore, that 
milk with dissolved copper upon coming in contact with tin 
may lose some of the copper. Commercial cemdensed and 
ev'aporated milk in tin ciiiis would thus in time become lower 
in copper content, also milk equipment with both copper and 
tin surfaces expo.sed to the milk will yield less copper to the milk 
than a coppei’ surface alone. This effect is shown in the follow¬ 
ing experiments. 

Experiment JS. Four thviusand cubic centimeters of milk 
was boiled with copper in order to get as much of the metal in 
solution as possible. Half of this wtis then boiled for two and 
one-half hours with strips of tin. Amounts of copper per liter 
in milligrams were as follows; 

vnffi 

Original half. 33 9 

Boiled with tin. . -8.4 

Experiment 19. Two liters of milk was boiled with copper 
strips amounting to 140 .square inches, the flask at the same 
time containing tin strips sufficient to give SO square inches of 
surface. At the same time an equal quantity of the same milk 
was boiled with an equal amount of copper but without the tin. 
Copper dissoh'ed per liter of milk was found to be as follows; 


mi;m. 

Without tin. 17 9 

With tin. 6.7 
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The results of these two experiments show what was postu¬ 
lated from theoretical considerations: (a) That copper once 
dissolved in the milk may plate out on any tin surface with 
which it may later come in contact and (fe) that where milk is 
exposed to surfaces of tin and copper together, less copper is 
dissolved than where there is the same exposure of copper with¬ 
out the tin. The latter condition would be found in copper 
equipment plated with tin but from which the tin had been 
worn in places exposing the copper surface. Under such con¬ 
ditions it would be expected that very httle copper would be 
dissolved but through the same electrochemical effect the tin 
would be dissolved even more rapidly than from a tin surface 
alone. 

Copper in commercial samples of condensed and evaporated 

milk 

Copper was determined in 10 samples of sweetened and 
6 of evaporated milk representing 9 brands. The amount of 
copper per kilo varied from 2.4 to 4.8 mgm. Average forall 
samples was 3.7. Taking 0.5 mgm. per liter as the amount of 
copper naturally present in cow’s milk it is evident that the 
milk had added considerable quantities of copper in the process 
of manufacture. However, as has been demonstrated in the 
preceding experiment it is entirely possible (and judging from 
earlier experiments it would seem probable) that more copper 
had dissolved in the milk during manufacture, then, later in 
contact with the tin of the container some of the metal was 
lost from solution through electrochemical action. 

SUMMABY AND CONCLUSIONS 

1, The unfavorable effect of the presence of copper and 
other metals in milk and its products has been thoroughly demon¬ 
strated by many previous investigators. 

2. Since the equipment used in most dairy manufacturing 
operations is made of copper, it is important to know something 
of the conditions under which the copper dissolves in the milk 
and to learn, if possible, how it can be reduced to a minimum. 
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3. The presence of air and oxygen was here found to increase 
enormously the amount of copper dissolved by milk. There¬ 
fore, open pasteurizers, coolers, and holding tanks would be 
expected to yield much more copper than vacuum pans, and 
it would be much more important to have these of non-copper 
material. 

4. Copper corroded with an oxide surface yields much more 
of the metal to the milk than smooth bright copper. It is 
particularly important to keep such equipment clean and well 
polished. Since the chlorine disinfectants such as chlorinated 
soda are usually active in corroding copper surfaces, their use 
should be avoided on copper hot wells and vacuum pans. 

5. Carbon dioxide does not influence the dissolving power of 
the milk. 

6. The amount of copper taken up by the milk increases with 
the amount of copper surface exposed and with the time of 
exposure. 

7. About the same amount of copper is dissolved in the milk 
at room temperature as at boiling; at 145°F. considerably more 
copper is dissolved than at either. Therefore, in the manufac¬ 
ture of condensed and e\’apoi’ated milk where copper hot wells 
are employed it is important to bring the temperature of the 
milk to boiling as rapidly as possible. 

8. Inasmuch as milk once boiled dissolves about the same 
amount of copper at 145°F. as at boiling temperature, some 
transformation or loss of the agency which attacks the copper 
is indicated. 

At the present time no conclusions can be drawn as to the 
cause of this phenomenon. It has only been shown that re¬ 
placing the air in boiled and cooled milk does not reestablish 
the same solvent jiower exhibited at 145°F. in unboiled milk. 

9. The presence of 18 per cent sugar does not increase more 
than a little the amount of copper dissolved by milk. The 
amount of copper dissolved from pans and hot wells in the 
manufacture of sweetened condensed milk is not, therefore, 
much greater than in other manufacturing operations. 
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10. Milk slightly sour dissolves but little more copper than 
normal milk. 

11. On passing milk containing copper through a separator, 
the metal distributes itself between the cream and skim milk 
fractions approximately in proportion to the water. It would 
seem, therefore, that it is dissolved in the water. The results 
show conclusively that the copper does, not go with the fat, 
and is, therefore, not dissolved in the fat. 

12. Analyses of commercial samples of condensed and evapo¬ 
rated milk indicate that copper is taken up in considerable 
quantities in the manufacture of these products. 

13. From theoretical considerations and from experimental 
results it was shown that copper may be lost from milk to tin 
when it comes in contact with this metal, and also that less 
copper is dissolved when the milk is exposed to surfaces of copper 
and tin together. Consequently, it would be expected that 
condensed and evaporated milk would lose some of its copper 
to the tin of the container and consequently a can purchased 
on the market would show somewhat less copper in solution 
than was present at the time of manufacture. Also a copper 
cooler or pasteurizer imperfectly tinned w'ould yield less copper 
to solution than if the milk were exposed to the same surface of 
copper without the tin. 

On the basis of the same theoretical considerations the tin 
should dissolve in the milk much more rapidly when in contact 
with the copper, which would in part account for the rapid 
wearing of tin from such equipment. The latter point however, 
is not supported by any experimental evidence in this paper, 
no determinations for tin having been made in any samples. 
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SOME FACTORS INFLUENCING QUALITY IN GELATIN 
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AS AN INDEX OF BACTERIAL 
CONTAMINATION 
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Received for publication December 1, 1922 

The consideration of quality of gelatin involves two large 
general questions. First, that the gelatin be free from metals 
and other substances injurious to health. Second, that it have a* 
low bacterial content, free from undesirable organisms, a clear 
color, desirable odor, pleasant taste, low acidity and high jelly 
strength or water absorbing quality. The first of these questions 
is well taken care of by the Federal and State laws and are such 
that it is relatively easy for the gelatin manufacturer to comply 
with. It is but recently that much attention has been paid to the 
second question and interest is increasing, especially in regard to 
bacterial content and jellying powers. The second question is 
what is to be considered in this paper.' 

Fifteen samples of gelatin w'ere secured in 5-pound lots from 
gelatin manufacturers, the object of the purchase was unknown 
to them. The total bacterial count was determined upon stand¬ 
ard nutrient agar plus 1 per cent of lactose. The colon count 
determined upon the medium recommended by Ayers and Rupp. 
The fermentation test was run parallel wdth the plates and made 
in the following manner: 10 grams of gelatin were weighed 
aseptically into 100 cc. of sterile distilled water containing 1 gram 
of lactose. The temperature used to hasten the dissolving of the 
gelatin was 50°C., with sterile pipettes transferred to sterile 
tubes allowed to soUdify and incubate at 28°C. for eighteen hours 
and 20° for thirty-six hours. The plates w'ere incubated at 
25°C. for thirty-six hours. The work was done in triplicate and 
repeated twice and the average results obtained shown in table 1. 
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furl her studies to determiiH* what the various steps in gelatin 
mainifaeture affect the total bacterial count and colon content 
and to study if high l)acterial content causes any lessening of the 
value of gelatin. 

.lEI.L STRENGTH AS A FACTOR IN DETERMINING QUALITV 

It is l)elie^'ed that the jell strength of gelatin or its water 
absorptive projierties are of importance, in the standing up powers 
of ice cream. Eleven samples of gelatin were tested for jell 
strength in the following method: (1) By jireparing definite 
strength solutions of gelatins, viz., 1 to l.o to 2 })er cent and so 
on and allowing the.se solutions to remain for 12 to 1(5 hours at 
20°C'.; (2) by preparing a 10 per cent solution and pouring it out 
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on Petri dishes, allowing them to remain five hours at 20°C. 
The method of determining jell strength by method 1 was by 
inverting the tube and in method 2 by pressure of the thumb. 
Method 2 was found unsatisfactory in that there was too great a 
chance for error upon the part of the operator. 

By referring to table 1, notice that gelatins 2, 3, 4, 5 and 6 were 
low in bacterial content. By the use of the thumb test, the opera¬ 
tor could not detect a difference of less than 2 per cent in jell 
strength. It has been found that the second method or thumb 
test is used by ice cream men to determine jell strength quite 
extensively but from this work is not to be recommended. 


TABLE 2 


GELATIN NL VIBER 


PEH CENT GELATIN REyf'IBED TG JELL IN DlH- 
TIIXED WATER AT 20“ FOR SIXTEEN HOURS 
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The range of hydrogen-ion concentration in the 15 samples of 
gelatin varied from 4.86 to 7.33 measured electrometrically and 
titrable acidity from zero to 8.0 cc. 15 NaOH per 25 cc. of a 10 
per cent solution of gelatin using phenophthalein as an indicator, 
but the pH or titrable acidity showed no effect upon bacterial 
count or jell strength. 

ODOR AND TASTE AS A MEASURE OP QUALITY 

The odor and taste were determined in 10 per cent solutions and 
it was found that gelatin 12 w^hich had such a high bacterial con¬ 
tent was but very little off in flavor and odor, while gelatin 9 was 
badly off in flavor and odor but showed a relatively low bacterial 
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count. While it is desirable to have good flavor and odor upon 
gelatin believe that too much emphasis can be put on this factor 
relative to its value. 
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THE BACTERIAL CONTENT OF SOME KANSAS ICE 

CREAM 
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INTRODUCTION 

For the past three years the Dairy Department of the Kansas 
State Agricultural College has conducted an ice cream scoring 
contest, open to all manufacturers of ice cream, marketing their 
product in Kansas. A few of the samples entered were especially 
prepared and represented the best product of the plant. The 
majority of the manufacturers, however, submitted samples that 
represented their regular product as sold on the market. A few 
of the contestants were manufacturers residing outside the state, 
but were marketing at least a part of their product in Kansas. 

The score card used in these contests allowed a perfect score of 
20 points for ice cream containing not more than 20,000 bacteria 
per gram. The bacterial anah'ses were made by the Bacteriology 
Department of the Kansas .State Agricultural College and the 
data thus obtained afforded an opportunity to study the bacterial 
content of ice cream as it is sold in the state of Kansas, 

METHOD OF ANALYSIS 

A J-inch layer of ice cream was discarded from the surface 
of each container in order to eliminate surface contamination. 
The sample for bacteriological analysis was then taken with a 
sterile butter sampler. Two cores were removed from the entire 
depth of the ice cream; one from the center and one near the edge 
of the can. These cores were placed in a sterile bottle and the 
bottle submerged in water at 45°C. for five to ten minutes until 
the ice cream had melted. A gravimetric sample was obtained 
by adding 10 grams of the melted ice cream directly in 90 cc. of 
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sterile, normal saline. From this, appropriate dilutions were 
made. 

The plates were made and incubated according to the "Stand¬ 
ard Methods for Bacteriological Examination of Milk,” as recom¬ 
mended by the American Public Health Association in 1921. 
All determinations are on a gravimetric basis and therefore, 
represent the number of bacteria per gram of ice cream as deter¬ 
mined by the official plate count. 


HEStTLTS OBTAINED 


Table 1 shows the bacterial counts, arranged in the order of the 
number of bacteria per gram, of all the samples analyzed in the 
three contests. 

The samples numbered 1 to 39 inclusive were from the 1922 
contest; those number 40 to 67 inclusive from the 1921 contest, 
and those numbered 68 to 115 inclusive from the 1923 contest.* 
The average number of bacteria per gram in all the samples was 
1,895,000. The average for the 1921 contest (28 samples) was 
1,383,428 per gram. The average for the 1922 contest (39 sam¬ 
ples) was 1, 992, 461 per gram. The average for the 1923 contest 
(48 samples) was 2,114,239 per gram. 

The following observ'ations may be made from the table. 


10 samples or 8.7 per cent contain 
22 samples or 19.1 per cent contain 
42 samples or 36.5 per cent contain 
57 samples or 49.6 i>er cent contain 
75 samples or 65.2 per cent contain 
86 samples or 74.8 per cent contain 
90 samples or 78.3 per cent contain 
98 samples or 85.2 per cent contain 
17 samples or 14.8 per cent contain 


5,000 or less bacteria per gram 
20,000 or less bacteria per gram 
50,000 or less bacteria }>er gram 
100,000 or less bacteria per gram 
200,000 or less bacteria per gram 
300,000 or less bacteria per gram 
500,000 or less bacteria i)er gram 
,000,000 or less bacteria per gram 
nore than 1.000,000 bacteria per gram 


It will be observed that only 22 or 19.1 per cent of the samples 
could be given a perfect score for bacterial content according to the, 
score card. It may also be noted that only 14, or 12.1 per cent, of 
the samples contained more than the average number of bacteria. 


^ The results for the year 1921 were obtained by Prof. 0. W. Hunter, 
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The counts for these 14 samples were so high that it raised the 
average for the group to nearly 2,000,000 per gram. The average 
count in such a class of variables is not of much significance 
because of the irregularity introduced by these few individuals. 
The middle class in such a set of variables is perhaps a better 
index than is the average count. Since there are 115 samples in 
this series, the middle class would be between the fifty-seventh 
and fifty-eighth samples. It will be noted that the bacterial count 
of this class would be close to 100,000 per gram. 

The state laws of Kansas require that ail materials used in the 
manufacture of ice cream be pasteurized at 145°F. for thirty 
minutes. The evidence here presented indicates that it is 
possible, under Kansas conditions to place on the market a prod¬ 
uct having a consistently low bacterial count. 

FACTORS INFLUENCING BACTERIAL CONTENT OF ICE CREAM 

Products. There are several factors which must be taken into 
consideration in the manufacture of ice cream having a low 
bacterial content. The products used in making the mix should 
be of high quality and contain a relatively small number of 
organisms. Gelatin, skim milk powder, butter, cream, and milk 
are usually the most important factors contributing to a" high 
bacterial content in the raw mix. If these products are of poor 
quality and contain large numbers of bacteria, the mix is sure 
to have a high bacterial count before pasteurization. This is 
especially true of the cream, which is frequently found to contain 
several millions of organisms per gram. Some manufacturers 
are obliged to buy cream from small producers who do not market 
their product every day. This usually results in the use of cream 
having a very high bacterial count, which in turn will affect the 
initial count of the mix and also the final count of the ice cream. 
For example, if the raw mix contains 30,000,000 bacteria per gram 
as a result of using a poor quality of raw product, the bacterial 
count after pasteurization is certain to be high. With 99 per cent, 
efficiency of pasteurization there w'ould remain 300,000 bacteria 
per gram. The only remedy for this condition is to purchase raw 
materials of better quality. If the ice cream is not made from 
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clean wholesome products, it will be manifested in the high bac¬ 
terial count of the finished product. 

Pasteurization. The efficiency of pasteurization is perhaps the 
most important factor in controlling the bacterial content of 
ice cream. If the mix is held at 145°r. for not less than thirty 
minutes it is reasonable to expect 99 per cent efficiency in the 
destruction of organisms. With a mix containing 5,000,000 
bacteria per gram, 99 per cent reduction would leave 50,000 bac¬ 
teria per gram after pasteurization. On the other hand if the 
time is cut down to twenty minutes, about 75 per cent efficiency 
of pasteurization would be the result. With this hypothesis 
there would remain 1,125,000 bacteria per gram after pasteuriza¬ 
tion instead of 50,000. The ice cream from such a mix is destined 
to have a high bacterial count and will score 18 to 20 points 
lower than a properly pasteurized product. This loss of quality 
is due to a saving of ten minutes of time. In many instances the 
high bacterial content of ice cream may be traced directly to 
reduced time of pasteurization by the manufacturer. After the 
mix leaves the pasteurizer there is slight increase in the number 
of bacteria as a result of homogenizing. This is probably due to 
the breaking up of clmnps of bacteria. 

Ageing. Unpublished data from experimental work, carried on 
at this station under plant conditions, shows no material increase 
during the ageing process, when the temperature conditions were 
properly controlled. By keeping the temperature at 40°F. or 
below, the growth of bacteria can be checked very effectively. 
Failure to control the temperature during this process is very 
frequently the cause for high bacterial counts in ice cream. 
A difference of only a few degrees may mean a million more 
organisms per gram in the finished ice cream. 

Freezing. Diuing the freezing process there is sometimes 
observed a slight increase in the number of organisms. This is 
frequently within the limits of experimental error and may not 
be detected. Such an increase in the number of organisms would 
probably be due to the breaking €tp of clumps of bacteria as a 
result of the whipping of the mix, or to contamination from the 
freezer. 
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Storage. From the time the ice cream enters the hardening 
room until it is consumed there is a very slight, gradual reduction 
in the number of organisms due to the destruction of the types 
that are unable to withstand the low temperature. In general 
it may be said that under properly controlled conditions, there will 
be a slight increase in the bacterial content of the finished product, 
over that of the mix as it leaves the pasteurizer. This increase, 
however, is too small to explain some of the high counts reported 
in table 1. 

Utensils. Another factor that should not be onverlooked is the 
contamination of the mix from the utensils. Ice cream mix comes 
in contact with many utensils during the process of manufacture. 
If the cans, vats, pipe lines, and freezers are not properly steamed, 
they may be a very important source of contamination. To 
cite a concrete example from a Kansas plant, an ice cream mix 
before being placed in the freezer had a bacterial count of 26,000 
per gram, ^{fter freezing it contained 625,000 per gram. Some 
of this increase may have been due to the breaking up of clumps 
of bacteria, but most of it was probably due to a poorly washed 
freezer. 

SIGNIFICANCE OF THE B.VCTERIAL COUNT OF ICE CREAM 

The bacterial count of ice cream is perhaps a better index 
to the conditions surrounding its production than is the count 
on any other dairy product. This is especially true of milk. 
Even though milk is produced under ideal conditions, if it is held 
at favorable temperatures the bacteria will grow so rapidly that 
there may be millions of organisms present in a few hours. The 
bacterial count of milk as it is placed on the market, therefore, 
may not be directly proportional to the sanitary conditions 
surrounding its production. The development of organisms in 
ice cream subsequent to its manufacture is practically eliminated 
as a result of the low temperature at which it is held. A bacterial 
analysis made at any time should not greatly exceed the initial 
count when the ice cream left the freezer. This fact renders the 
determination of total numbers of bacteria in ice cream particu¬ 
larly valuable, since it reveals the condition of the product when 
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TABLE 1 

The bacterial count of tl$ samples of Kansas ice cream 
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it was produced. If carelessness prevails at any point in the 
production of ice cream, or if it is made from materials of poor 
quality, the finished product is almost certain to have a high 
bacterial count. 

The 17 samples reported in table 1, having more than 1,000,000 
bacteria per gram, certainly were not produced under carefully 
controlled conditions. At some point in the manufacturing 
process, the bacterial growth was not checked. The bacterial 
count does not reveal what was responsible, but it does indicate 
that carelessness has prevailed in one or more points in the 
manufacturing process. This fact alone should prohibit the sale 
of such a product. 

The increasing popularity of ice cream; its change of status 
from that of a delicacy to that of a staple human food; and its 
large use by children and by the sick, makes it imperative that 
the conditions surrounding its production be controlled by legis¬ 
lation. The establishment of legal standards limiting the bac¬ 
terial content of dairy products, is an effort to protect the con¬ 
sumer against the use of foods that are not properly handled. 
It does not necessarily mean that milk, ice cream, etc., that con¬ 
tain more than a certain number of organisms are dangerous to 
use. It does mean, that if the food contains more bacteria than 
the legal standard, carelessness has prevailed at some point in the 
production or marketing. This is the factor that the legal 
standard seeks to exclude. 

It is not the purpose of this paper to suggest a legal standard for 
ice cream. The establishment of a standard should be made only 
after a thorough study of the manufacturing process under com¬ 
mercial plant conditions. Such a study is now in progress at the 
Kansas Experiment Station. Whatever the standard may be, 
it should be fair to the manufacturer and yet necessitate careful 
handling in every operation. It should make necessary the use 
of clean, wholesome products of good quality and low bacterial 
content. The standard should be low enough to exclude ice cream 
made from products that have not been efficiently pasteurized. It 
should make it necessary to control the temperature of the mix 
during the ageing process, and to use utensils that have been thor- 
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oughly cleaned and steamed. A legal standard should be rigid 
enough to prevent laxity in any of these important processes of 
manufacture. It should make ice cream a safe food for all, 
but especially for children and for the sick. 

Although the primary purpose of a standard for ice cream 
should be to protect the consumer, it is equally important to make 
it reasonable for the manufacturer. If the minimum number of 
bacteria was so placed that it would be' impossible to comply 
with it, it would be disregarded and could not be enforced. It is 
fair, however, to ask the ice cream manufacturer to use clean 
products, clean equipment and to control every operation in the 
manufacture of this important food. Since the bacterial count 
affords an index to the care used in manufacturing, it makes a 
good basis for legislative control of the manufacture of ice cream. 
By the adoption of bacterial standards the manufacturer w’ould be 
obliged to produce a clean, safe, and healthful food. 

From the data given in table 1, it will be seen that half of the 
manufacturers submitted samples containing less than 100,000 
bacteria per gram. From this, it does not seem unreasonable to 
assume that the other half could do likewise. Assuming these 
samples to be representative, it w’ould not seem unreasonable from 
the standpoint of fairness to the manufacturer, to demand ice 
cream with a bacterial count of less than 100,000 per gram. 
However, if further investigation shows that ice cream can be 
produced under careless conditions and still contain fewer than 
100,000 bacteria per gram, the figure should be correspondingly 
lowered. On the other hand, if it is found that ice cream made 
from clean products and produced under well controlled plant 
conditions may contain as high as 200,000 or 300,000 bacteria 
per gram, the standard should be adjusted accordingly. 

SUMMARY 

The bacteriological analyses of 115 samples of ice cream are 
submitted. The bacterial counts range from 1500 per gram to 
47,000,000 per gram. The average of ^11 the samples is 1,895,000 
per gram. However, the average count on a series of samples 
may not always give a figure that is representative of the whole 
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class. In this group of variables, the middle class is shown to 
be a more representative figure than the average. 

Three-fourths of the san)ples contained less than 300,000 
bacteria per gram, and half of them less than 100,000 per gram. 
An analysis of the various factors influencing the bacterial count 
of ice cream indicates that the effeciency of pasteurization and 
control of the temperature during the ripening process are the 
most important factors in producing ice cream with a low bacterial 
count. 

Tlie inhibition of multiplication of the organisms as a result 
of the low temperature at which the finished product is held, makes 
the t)acterial count of ice cream a good index to the conditions 
surrounding its production. 

Tlie establishment of legal standards governing the bacterial 
content of ice cream is briefly discussed, but no effort is made to 
suggest a standard from these results. Howev'er. the high per 
cent of samphis containing 100,000 bacteria or less per gram, indi¬ 
cates that this figure would not be unfair to the Kansas producer. 
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In official cow testing work the various breed associations 
base the production of dairy cattle very largely on the records 
of a two-day test for each month throughout the year. It is 
important therefore to investigate the factors which may in¬ 
fluence the two-day test. A study of these factors shows that 
some things affecting the test of the cow are under the control of 
the man in charge of the cow and some things are not under his 
control. Only a few of these factors can be considered in this 
paper. 

I. FACTORS NOT UNDER CONTROL OF OWNERS 

1. Seasonal variations. Regardless of all other factors there 
seems to be a variation in the average test of a cow from month 
to month. This is shown in table 1. 

These figures are based on the averages of two-day Register 
of Merit Tests of Jersey cows in Tennessee. This table shows 
that the lowest test for the year is in July with an average of 4.95 
per cent and that there is a gradual increase from this to 6.15 per 
cent for November, the highest month of the year. From 
November there seems to be a tendency toward a decrease to 
July. This shows a seasonal variation of 1.23 per cent from July, 
the lowest month, to November, the highest month. From 
July to November the increase in test is at the rate of 0.3 per 

1 Presented at the meeting of the Southern Division, American Dairy Science 
Association at Memphis, Tennessee, February 6, 1923. 

2 These tabulations were made by H. E. Love, senior student specializing in 
dairying, University of Tennessee, 1921-1922. 
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TABLE 1 


MONTH 

NUMBER OF COWS 

PERCENTAGE PAT 

January. 

147 

5.74 

February. 

284 

5.60 

March. 

343 

5.60 

April. 

138 

5.62 

May. 

137 

5.46 

June. 

339 

5.18 

July. 

136 

4.95 

August. 

347 

5.35 

September. 

364 

5.59 

October. 

277 

6.11 

November. 

137 

6.15 

December. . 

265 

6.08 


cent per month. From November to July the decrease it at 
the av<!rage rate of 0.15 per cent per month. 

2. Monthly stage of lactation. Independently of all other 
factors the stage of lactation seems to influence the per cent of 
butter fat from month to month, as shown in table 2. 

These records are based on the two-day Register of IMerit 
records of Jerseys in Tennessee. The lowest test for the year was 

5EA50NAL VARIATIONS 
IN BUTTERFAT TE5T5 OF JER5EY5 
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EFFECT OF LACMTION PERIOD ON 
BUTTERFAT TE5T5 OF JERSEYS 



4.84 per cent the first month of lactation. There was a very 
gradual increase from this to 6.13 per cent the last month of 
lactation which was the twelfth month. This is an increase of 
1.34 per cent from the first to the last month, or an average 
variation of slightly more than 0.11 per cent per month. 


TABLE 2 


MONTH 

NUMBER OFCOWrt 

percentage or fat 

1 

154 

4.84 

2 

154 

5.23 

3 

154 

5.31 

4 

154 

5.47 

5 

154 

5.56 

6 

154 1 

5.09 

7 

154 

5.82 

8 

154 

6,00 

9 

154 

6.08 

10 

154 

6.06 

11 

151 ‘ ; 

6.10 

12 

143 

6J8 
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II. FACTORS UNDER THE CONTROL OF OWNER’ 

1. Effect of leatring strippings in the udder on the following 
two-day test. Twenty-two cows were used in the experiment 
which covered a period of twenty-three consecutive days. The 
cows were divided into two groups of equal number and with an 
equal number of Jerseys and Holsteins in each group. Group 
I was used as a check for Group II. 


EFFECT OF LEAVING 3TRIPPING5 
ON TWO-DAY TE3T 


TWO-DAY PERIODS 

4- 5 -6-7-S-9 
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The object of this experiment’ was to determine the effect on 
official cow testing records of leaving strippings in the udder. 
Strippings were left in the udders of all the cows in group II on 
three different occasions at wide intervals. One-fourth approxi¬ 
mately of the normal amount, of milk was left as strippings. One 
whole day intervened between each tw'o-day test period when 
the strippings were left. The strippings were always left at the 

• The laboratory investigations in this experiment were conducted by Ben P. 
Hazlewood, senior student specializing in dairying, University of Teruiessee, 
1022-1923. 
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evening milking. The cows w'ere milked twice daily. The 
experiment started January 3, with p.m. milking and ended 
January 25 with the a.m. milking. There were fifteen milking 
periods between the first and second trials on which strippings 
were left, and thirteen milkings between the second and third 
trials on which strippings were left. 

In considering the effects of leaving strippings in the udder 
it is necessary to consider the cow as the unit in determining 
the average per cent of fat for the group. In calculating the 
average per cent of fat for a group the average is taken of the 
per cents of fat of the individual cows. This is not the method 
used in calculating the per cent of fat in the milk of individual 
cows when the total milk is divided into the total fat for a two- 
day period. The object of official testing work is to determine 
the production of individual cows and not the production of a 
herd or any group of cows. The monthly production is based 
on the a\'erage per cent, of fat of the two-day test. The average 
milk production for the two-day test period is not used in 
calculating the milk production for the month. 

There are so many factors influencing the test of a cow that it 
is difficult to say that any two-day test period is normal for 
that particular cow. It is necessary therefore to use as a check 
on the experiment, a group of cows handled normally and compare 
the records of these with the group in which strippings are left. 

KESULTS OF EXPERIMENT 

Table 3 shows the effect on the two-day butterfat test of 
leaving strippings in the udder. In the first trial group II, in 
which strippings were left, made an average increase in fat of 0.08 
per cent over group 1, which was milked in a normal manner. 
In the second trial group II increased 0.16 per cent, and in the 
third trial 0.26 per cent. 

Both groups averaged approximately the same per cent of 
butterfat for the first two-day test period. Group II increased 
in average per cent of butterfat more rapidly after strippings 
were left than group I even though the latter group made a 
slight increase. At the fourth two-day test period the two 
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groups again tested the same in per cent of butterfet. After 
strippings were left in the second trial group II made an increase 
in average per cent of fat of 0.18 while group I made an increase 
of only 0.02 per cent. The group in which strippings were left 
increased 0.16 per cent fat more than did the other group. Group 
II remained high in per cent of butterfat for a period of four days 
but on the seventh two-day test period the two groups tested 
approximately the same again. In the third trial group II 
increased 0.26 per cent more than group I and remained higher 
for a period of four days. 


SUMMARY 

A preliminary report of these experiments indicate the 
following: 

1. A great many factors may influence the per cent of fat in 
cows milk. 

2. Both the season of the year and the period of lactation 
cause a variation in the per cent of butterfat, the highest tests 
occruring, on the average, in the winter months and the latter 
months of the lactation period. The lowest tests occur on the 
average in the summer months and the first month of the lac¬ 
tation period. 

3. Leaving one-fourth of the normal amount of milk as strip¬ 
pings in the udder of a cow apparently caused an increase in 
the per cent of butterfat in the milk of some cows, but the effect 
seemed to last over several milkings so that a single preliminary 
milking would not prevent the leaving of strippings at a milking 
previous to the preliminary milking. 



A SC’KEEN USED IN PHOTOCKAPIllND ANIMAI.S 


C. IIAYOKX 

Drjxtrlfncnl (tf Ditiri/ If ush(jn(h I/, Agt irullin al Ej pci imctit Slaliim, ]\ (>osi(')\ Ohio 
Hupoivod for publicatiDn March 15, 1923 

About six years a^’o ilio writer planned and const rueted the 
device here described, in whicli to photograph cattle used in 
experinients. A consideralile number of persons have l)een 
interested in it and the suggestion has l)een made that a de¬ 
scription of it be pu!)lished in some scientific journal. The 
writer finds it a very convenient piece of apparatus and this 
description is presented with the hope tliat it may be of use to 
others. 

The one shown in the cuts consists of a screen^ a platform and 
a background. Tlie screen is constructed as follows: A rec¬ 
tangular frame 9 by 12 feet is made of 2-inch pipe. Holes large 
enough for a no. 9 wire are drilled through the frame at inter¬ 
vals of 6 inches. A>rtical and horizontal wires are passed 
through tliese holes and stretched to form a screen with (> inches 
mesh. It is important that the sides and ends of the frame be 
held rigidly while the wires are being stretched and secured. 
The wires should be brazed oi‘ electric welded at most of the 
points where they cross, in order to prevent their becoming 
slack and slipping out of place. The writer attempted to solder 
them but solder does not liold well. The \owvr horizontal wire 
should be placed so that the distance from it to the platform 
on which the frame rests and on which the animal stands shall 
be just the same as the space between the other wires. 

Idle platfoi'in is 4 by 12 feet and consists of planks spiked to 
2 by 4 inch pieces, the two end pieces extending about 4 feet 
to the rear for attaching the braces of the background. 

The background should be as long as or longer than the screen. 
It is erected at the rear of the platfoi’in and consists of matched 
flooring on 2 by 4 inch studding. This would better have a 
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canvas stretched over it as in the jdiotograplis the wire lines 
may be confused with the crevices between the boards. 

Two strips are attaelied to the top of the screen frame anil 
pass back o\'er the top of the background. Holes are bored 
through these strips at, intervals and pins are passed thi'ough 
these holes into holes bored into the top of the backgi’ound. 
This permits the shifting of the screen to regulate the space 
between the screen and the background to suit the size of the 



animal. Just enough space should be allowed to permit the 
animal to stand comfortably. If desired, the background may 
be made movable and the screen fixed. The apparatus is so 
arranged that a horse may be hitched to it to move it about. 

As stated, the mesh of the screen is 6 inches. It would be 
better to make the spacing according to the metric system. 
A mesh of 15 cm. would be about right for cattle. The size of 
the screen and the me.sh should he adapted to the size of the 
animals to be photographed. The. same plan could be used 
for such small animals as rats and guinea-pigs. 

In taking photographs the camera is set a definite distance 
from the screen. It may be raised and lowered according to 
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the size of the aniinjil. If the animal does not hajiiien to stand 
in the center of the screen the camera may be shifted to the 
right or left. 




If desired, the screen may be placed against the background 
and the animal taken in front of it. If a wider platform is made 
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and a removable canvas background is used, the front or rear 
of the animal may be taken. 

Ilie writer prefers this method to the one where the lines are 
painted on the background, for studying comparative size, 
conformation, location of color markings, extent of color mark¬ 
ings, etc. It assists greatly in keeping animals placed while 
photographs are being taken, resulting in a considerable saving 
of lime and patience. Perhaps, its greatest fault is that it is 
not well suited to use in direcd sunlight on account of the shadows 
(see figures). 



THE PRODUCTION OF VOLATILE FATTY ACIDS AND 
CARBON DIOXID BY PROPIONIC ACID BACTERIA 
WITH SPECIAL REFERENCE TO THEIR ACTION IN 
CHEESE 
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ReseM'ch Laboratories of the Dairy Divisimy United States Department of AgricuU 

turcy Washingtony D. C, 

Received for publication February 5, 1923 
INTRODUCTION 

Work has been reported elsewhere (4) on the causal factor in 
the production of eyes and flavor in Emmental or Swiss cheese. 
The organism used in this work, which has been tentatively 
designated as Bact. acidi-propionici (d), belongs to the group of 
propionic-acid-producing bacteria which has been studied by a 
number of European workers, especially Von Freudenrich and 
Jensen (2). As has been pointed out, these organisms produce 
propionic acid, acetic acid, and carbon dioxid from lactose and 
lactates, the latter supposedly being the source of those com¬ 
pounds in Swiss cheese. 

In connection with the cheese-ripening problem it is of interest 
and importance to know what substances in cheese may serve 
as sources for carbon dioxid, the production of which is responsible 
for eye formation, and for volatile acids, especially propionic, 
which are also prPbably involved in the development of some 
of the characteristic properties of cheese of the Enunental type. 
It is the purpose of the present paper to report some data bearing 
on this question. 


METHODS 

In these experiments the media used, with the exception of the 
tests on pepton alone, consisted of 1 per cent pepton solution 
with the addition of 2 per cent of the test substance. The 
organic acids were used in the form of their calcium salts. 
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The initial reaction of all media was approximately pH 7.0. 
Incubations were at 30®C. 

Volatile fatty acids were determined by the Duclaux method. 
On the primary steam distillation one liter of distillate was 
collected from 100 cc. of culture. The neutralized distillate was 
then evaporated and distilled, according to the original Duclaux 
method, for the determination of the kinds and proportions of 
volatile acids present. 

In the experiments in which the action of the organism on the 
volatile acids (formic, acetic, propionic, and butyric) were tested, 
quantitative and qualitative determinations were made of the 
volatile acids in the cultures and in sterile media of the same 
compositions. Any appreciable decomposition of the acid in 
question should be apparent upon a comparison of the analyses 
obtained upon the sterile and inoculated media. 

Carbon dioxid determinations were made in the special tube 
designed for this purpose by Eldredge and Rogers (1). Although 
this method does not give the absolute amount of carbon dioxid 
produced, since the dissolved gas is not measured, it gives 
excellent results for comparative purposes. The culture was 
grown in 30 cc, of the test media and the carbon dioxid produced 
was absorbed with bariiun hydroxid. ^ Control tubes containing 
1 per cent pepton were also run in each case, and the figures so 
obtained deducted from the values found with the test substance. 
Since the organism under consideration produced carbon dioxid 
quite abxmdantly from pepton alone, the exact figures obtained 
from the various test substances are not of great importance. 
We have reported carbon dioxid production from the test sub¬ 
stances, therefore, simply as positive or negative. In the tables 
in which the amounts of carbon dioxid produced are reported, 
the results are expressed in terms of the number of cubic 
centimeter of n/10 Ba(OH )2 neutralized by 30 cc, of culture. 

EXPEBIMENTAL DATA 
* 

Hie action of the propionic organism, (rf the type with which we 
worked, upon the various substances tested is shown in table 1. 
It should be in mind in examining these figures that ibe 
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products obtained from the different substances are not quanti¬ 
tatively comparable, due to variable incubation periods and other 
variable conditions. The results given for lactose and glycerol, 
which were tested without the presence of a neutralizing agent, 
are obviously not quantitatively comparable with those obtained 
in the fermentation of compounds which did not give rise to an 
increase in hydrogen-ion concentration. 

TABLE 1 


Action on various compounds 


aCBBTAHCE 

i 

1 

tJKl BA- 
TION TlUB 

FERMEN¬ 

TATION 

CARBON 

DIOXID 

VOLATILE ACIDS 

N/20 per 100 cc. 
of culture 

Ratio 

P:A 

Total 

Propi¬ 

onic 

Acetic 


days 



cc. 

cc. 

cc. j 


Lactose.i 

30 

+ 

+ 

99 

64 

35 

1.8 

Lactic acid. 

60 

+ 

■f 

205 

139 

66 

2.1 

Succinic acid. 

60 

+ 

+ 

72 

42 

30 

1.4 

Formic acid. 

18 

— 

— 





Acetic acid. 

30 

«- 

— 





Propionic acid . 

60 


— 





n-Butyric acid. 

50 

— 

— 





Iso-butyric acid. 

50 

- 

- 





Glycerol. 

40 

+ 

4" 

68 

46 

22 

2.1 

Butterfat. 

30 

4- 

4- 

22 

13 

9 

1.4 

Pepton (1 per cent). 

30 

+ 

+ 

10 

- 

j 


Pepton (4 per cent). 

40 

-f 

4- 

48 

13 

35 

0.4 


From the standpoint of cheese ripening the fermentation of 
lactose by this organism is probably of little significance, since 
the sugar in cheese is consumed before the development of eyes 
and flavor begins. From another point of view we have studied 
the propionic-acid fermentation of lactose in considerable detail 
and the material thus collected will be presented elsewhere. 

As stated earlier in this paper the fermentation of lactic acid 
by the propionic oi^anisms is well known and hence needs no 
especial comment. As may be seen from table 1, however, the 
lactates of cheese do not constitute the only possible source of 
carbon dioxid and volatile acids. 


















306 


B08COE H. SHAW AND JAMES M. SHERMAN 


The fermentation of succinic acid is of considerable interest 
since the occurrence of this acid in cheese is well established. If 
the succinic acid of cheese results mainly from the primary 
lactose fermentation, as the results of Jensen (3) and of Suzuki, 
Hastings and Hart (6) would indicate, the presence of succinates 
at the time the propionic organisms begin their work would seem 
to be assured. It has been noted elsewhere (4) that this organism 
differs in some of its characteristics from' the published descrip¬ 
tions of the propionic bacteria of Von Freudenrich and Jensen 
(2). Its action on succinic acid would appear to further justify 
its designation as a new variety. 

The extent to which glycerol may be liberated in ripening cheese 
is problematical. Although no very extensive decomposition 
of fat is known to take place in Swiss cheese, it woiild appear 
likely that some hydrolysis of fat might result from the complex 
biological and chemical changes which take place. 

Of particular interest is the apparent decomposition of butter- 
fat by the propionic organism. In this connection, however, the 
possibility of error should be kept in mind. In testing the fat, 
the volatile fatty acid production was checked by the growth of 
the organism in the same pepton concentration without the 
presence of fat. The difference, though small, was constant in 
the duplicate sample tested. A repetition of the experiment 
again indicated a decomposition of the fat to about the same 
extent. While tests of the sterilized fat-pepton medium gave no 
indication of decomposition upon autoclaving, as revealed by 
the determination of volatile acids, we must still admit this 
possibility; and since the organism with which we aye dealing 
ferments glycerol with the formation of the same products, it is 
possible that the propionic and acetic acids found were the result 
of a glycerol fermentation of the hydrolyzed portions of the fat. 

Should the decomposition of fat by this organism become defi¬ 
nitely established, the significance of that fact in the ripening of 
cheese would be obvious. Even a slight cleavage of fat would 
probably have a profound influence upon the resulting flavor of 
the cheese* It is not at all unlikely, moreover, that the charac¬ 
teristic whitish color which develops in Swiss cheese during the 
ripening process may be due in part to changes in the milk fat. 
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So far as could be detected by the methods employed, the 
volatile acids (formic, acetic, propionic, and normal and iso- 
butyric) are not decomposed by this type of propionic organism. 
In the case of acetic acid the visible growth of the organism 
appeared to be stimulated somewhat in comparison with its 
growth in the pepton solution alone; but so far as could be deter¬ 
mined analytically there was little if any decomposition of the 
acetate, nor did the presence of acetate measurably stimulate 
carbon dioxid production. Determination of the action on acetic 
acid was complicated by the fact that some acetic acid was 


TABLE 2 

Carbon dioxid and volatile acida from pepion 


rONCENTKATJON 
OF PEI TON 

CARUON OIOXIO 

VOLATILE ACIDS 

N /20 per 100 cc of culture 

Ratio 

V A 

Total 

Propionic 

.4cetic 

j^er rent 


cc 

cc 

cc 


1 






2 



4 6 

1.5.0 

0 3 

4 



mSsM 



8 



■■ 

mM 



simultaneously produced from the pepton contained in the test 
medium. But even so, an appreciable destruction of the acetate 
should have been detected. 

From the results obtained on p>epton alone it is apparent that 
some of the nitrogenous constituents of cheese may also serve as 
sources of carbon dioxid and volatile acids when acted upon by 
this organism. This is more clearly brought out by the experi¬ 
ment reported in table 2, in which measurements were made of the 
carbon dioxid and volatile acids produced in pepton solutions of 
different concentrations. 

Since bacteriologic peptones are made partly at least from meat 
it is obvious that they should contain a little lactic acid. Dr. 
Eupp of these laboratories has examined a number of samples 
of commercial peptones for lactic acid and has found this acid, 
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though constantly present, occurs in amounts too small to 
account for all of the volatile acids produced by this organism 
from pepton. 

Many possibilities suggest themselves in explanation of the 
propionic and acetic acid production from nitrogenous com¬ 
pounds. For examples, glutanic and aspartic acids may yield 
succinic acid, which was shown to be fermented by the propionic 
organism. A number of amino acids, as for example alanin, may 
yield lactic acid and hence serve as sources of the volatile acids. 
We did not have at hand an adequate supply of pure amino acids 
to undertake a systematic study of this phase of the subject, but 
we will report here a suggestive result obtained with aspartic 
acid. 


TABLE 3 

Influence of aspartic acid on carbon dioxid and volatile add production 


IfKOIUM 

INCtfBA- 

TION 

PISIOD 

CARBON 

DIOXID 

VOLATILE ACIDS 

N/20 per 100 cc. 
of culture 

i 

Ratio 

P:A 

Total 

Propi¬ 

onic 

Acetic I 


weeks 


ce. 




4 per cent pepton. 

5 


51 



0.S5 

4 per cent pepton 0.5 per cent Na. 







Aspariginate. 

5 


60 



0.43 

4 per cent pepton. 

10 


61 



0.30 

4 per cent pepton, 0.5 per cent Na. 







Aspariginate. 

10 


83 



0.28 


A 4 per cent pepton solution to which was added 0.$ per cent 
sodium aspariginate was tested, along with a 4 per cent pepton 
solution as a control, for carbon dioxid and volatile acid pro¬ 
duction. As indicated by table 3, aspartic acid is probable one 
of the sources of these products among the nitrogenous con¬ 
stituents (rf cheese. However, it apparently yields acetic but not 
propionic acid. 

In considering the data presented in this paper on the action 
of Bact. addi-propionici (d) upon various substances, it is impor¬ 
tant from the standpoint of cheese ripening to bear in mind the 
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effect upon this organism of the associated growth of other bac¬ 
teria. As has been shown elsewhere (5), the propionic fermen¬ 
tation of lactose and lactates may be greatly accelerated by the 
presence of certain other organisms. If the same phenomenon 
takes place in the fermentation of other substances, it is not 
unlikely that the action of the propionic organism is much greater 
on some of these compounds in cheese than would be expected 
from the results herein obtained in pure culture studies. 

SUMMARY 

Observations are recorded concerning the action of Bact. acidi- 
propionici (d), the causal factor in the production of eyes and 
the characteristic sweetish flavor of Swiss cheese, upon various 
substances which occur in cheese. 

Aside from its previously known action upon lactose and 
lactates, it has been found that this organism can produce 
carbon dioxid, propionic acid and acetic acid from succinates, 
glycerol, nitrogenous compounds (pepton), and perhaps to a 
slight degree, from butterfat. 

From pepton the proportion of acetic acid to propionic acid 
produced was greater than in the cases of the other substances 
acted upon. Aspartic acid was shown to be able to serve as a 
source of acetic acid and carbon dioxid. 
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Hypochlorites are very rapidly decomposed by most organic 
complexes. Leastwise, raw vegetable and animal extracts 
absorb the available chlorine spontaneously. Chlorine in the 
form of its gas, as nitrogen tri-chloride, as chloramines, or as 
hypochlorites has been considerably exploited as a sterilizing 
or preserving agent for food products. In view of the severe 
chlorinating and oxidizing properties of hypochlorites it is very 
doubtful if they exert any marked selective disinfectant action 
when conducted into raw mixed food products such as oysters, 
canned vegetables, meats, milk, etc. In order to exert a pre¬ 
serving power in such substances, the chlorine would necessarily 
be required to attack the enzymes apd microorganisms initially, 
and only moderately the food products themselves. Practically 
no work has been published to illustrate any such selective action. 
It is conceivable that selective might be possible. For instance 
(a) reductases, and (6) anaerobic organisms (or their products) 
might be believed to absorb the chlorine at the greatest rate and 
hence constitute cases of direct selection. While this'is a rather 
beautiful hypothesis it has not, to my knowledge, been subjected 
to close scrutiny. It is not the purpose of this papdr to i^ecifi- 
cally attack the problem, but certain results obtained in these 
studies have shed a few rays of light on instance (a) and they 
will be reported at this time. The second instance (6) has been 
investigated in a manner of attack which is outside the scope of 
this paper and will be presented at another time. 

There is another phase of hj'pochlorite disinfection more 
pei'tinent to the immediate need, and in the data submittckl 
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herewith it will be shown that sodium hypochlorite disappears 
as such very rapidly in the presence of fresh and pasteurized 
cow’s milk up to the zone of saturation, after which it is absorbed 
but slowly. The treatment of dairy and other food product 
utensils with chlorine solutions is a matter of growing interest. 
End-points in this practice are given scarce concern, so that the 
operator seldom knows whether enough or too much of the dis¬ 
infectant is used. There is no chemical or biological data avail¬ 
able on what happens to sodium hypochlorite when it comes 
into contact with milk. Does it exist in milk as such after being 
added? How much will milk absorb and how fast does milk 
absorb it at different temperatures? These questions are live 
biological problems, and it is to help answer them that this and 
similar work was undertaken 

SCOPE AND METHODS OF STUDY 

Fresh milk from the dairy was secured which represented a 
composite from several herds and consisted of both evening’s 
and morning’s milking. A portion was kept fresh by packing in 
ice, a second portion was boiled at 100.2°C. for two minutes, 
while a third portion was skimmed in the fresh state and then 
held in ice. 

This milk was then subjected to the following study: 

1. The Schardinger enz 5 nne test or reductase reaction was 
applied to each of the three milks to determine the presence of 
the reductase or reducing bodies in the fresh samples and its 
absence from the boiled sample. 

2. Measured quantities of sodium hypochlorite of standard 
strength were immediately added to definite quantities of each 
milk held to constant temperature in a thermostat and the rate 
of its disappearance determined with sodium iodide solution 
and starch paste. 

3. The rate of absorption of available chlorine from sodium 
hypochlorite by the fresh skimmed milk was then determined 
throughout the tmperature range of 20° to 70°C. 

4. The rate of a^orption of available chlorine from sodium 
hypochlorite by fresh sodium caseinate was then measured at one 
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temperature (40°C.) in a manner similar to that adopted in “2.” 
The idea was to show that the protein molecule of casein may be 
the leading agent in milk to decompose the hypochlorites. 

5. The hydrogen ion concentration of the sodium hypochlorite 
treated milk was measured in all cases, to determine the effect 
of the dilute hypochlorite on the reaction of the milk. This 
was measiured electrometrieally with an ionometer cell. 

PREPARATION OF THE SODIUM HYPOCHLORITE 

In the main the method described in “I. Sodium hypochlorite” 
(1) was followed, but it will be briefly recounted here. Chlorine 
from a drum was passed through a flow meter into a solution 
mixture of 7.5 per cent of NaOH (50 per cent caustic soda) and 
2.5 per cent of NasCOs (anhydrous) until a concentration of 
3.25 per cent available chlorine was reached. The chlorina¬ 
tion was conducted at room temperature (27°C\) and without 
any precautions as to the screening from day or sun light. The 
chlorinated solution was pink to cresol phthalein and blue to 
thymol phthalein (flash method) but was not pink to powdered 
phenol phthalein. The hydrogen ion concentration was roughly 
at pH 10.0. This stock solution of sodium hypochlorite was 
further diluted to exactly a 1 per cent solution of available 
chlorine as needed for the above studies. 

THE SODIUM IODIDE-STARCH TEST FOR FREE SODIUM HYPOCHLORITE 

This test is sensitive to 1 part of sodium h3rpochlorite in 
1,500,000 parts of water when viewed against a white background. 
Five grams of sodium iodide are added to 100 cc. of a' 1 per cent 
solution of soluble starch. Two-tenths cubic centimeter of 
this mixture is added to 1 drop of acetic acid held in the depres¬ 
sion of a porcelain test-plate. A drop of the milk or other mix¬ 
ture which is to be tested for sodium hypochlorite is placed on 
the acid-sodium iodide starch mixture and the whole is stirred 
with a fine platinum wire. A deep blue color denotes much, 
a purplish considerable, and a faint red-violet a trace of sodium 
hypochlorite. The color develops immediately. 
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It should be said here that the test for free hypochlorite needs 
qualification, because the misapprehension on the part of some 
as to just what is meant by the test. The starch iodide test 
has been used extensively to determine the presence of certain 
oxidizing agents. Starch is used to indicate free iodine. Gen¬ 
erally very little thought is given to the reaction of the solution 
in which the test occurs, except of course to have it sufficiently 
acid so that the starch-iodine complex will be blue. If the 
solution is alkahne (above pH 11.0) the blue complex becomes 
colorless. Now in the test under our consideration we are 
depending upon the available chlorine in the sodium hypochlorite 
to set the iodine free and hence form the blue complex. In 
reality it would not be necessary to add the acetic acid, since the 
milk itself containing the added hypochlorite is sufficiently on 
the acid side (pH 6.5 to 7.0) to furnish the correct conditions 
for the development of the blue color. In fact, a large number 
of experiments were made without the addition of any acid and 
substantially the same results were obtained. Under the condi¬ 
tions of the chlorination studied we wish to measure the decom¬ 
position of the sodium hypochlorite and not the iodine-freeing 
capacity of the chlorinated compounds in the milk. Whenever 
any free sodium hypochlorite is present at the reaction of milk 
it forms a blue compound with starch. A trace of sodium hy¬ 
pochlorite added to milk fails to give a color at all with starch- 
sodium iodide. A large quantity added to milk gives a blue 
color. Now, if we add some strong acid (HCl) to the milk 
containing the trace of sodium hypochlorite we will get a bluish 
violet coloration with the starch iodide. It is evident that in 
this latter case we have the product or products of the chlorina¬ 
tion furnishing sufficient of some oxidizing substance in the 
presence of the strong acid to cause the liberation of a trace of 
iodine. But it would be an error to inteipret this as coming 
directly from sodium hypochlorite. The question can be settled 
in another manner. If we determine the hydrogen ion concen¬ 
tration of milk to which a trace of sodium hypochlorite has 
been added we get a very constant potential in a short time at 
the hydrogen electrode of a calomel halfcell set-up. This is not 
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true if there is any free sodium hj^pochlorite present. When 
hypochlorite is present around the hydrogen electrode (palla- 
diumized platinum) the potential is always very unsteady owing 
to rapid reduction of the hypochlorite the nascent hydrogen 
with the subsequent production of acid products. 

The writer holds, therefore, that the work of Rupp (2) re¬ 
cently reported is in error in that Rupp* proposed a test to show 
the presence of hypochlorites and chloramines in milk, whereas 
these compounds in the concentration added to the milk l)y Rupp 
were very likely absorbed m a short time under his working 
conditions. Any free hypochlorite or available chlorine compound 
present in milk could be determined by merely adding starch- 
sodium iodide paste, w'hence a bluish color would result. The 
substance of Rupp’s work is sound, but we believe the statement 
of the title is misleading, and it is to this that the writer alludes 
in the preceding argument. 

MEASUREMENT OF THE pH OF THE MILK 

The electrometric determination of the hydrogen ion concen¬ 
tration of solutions of sodium hypochlorite with a hydrogen elec¬ 
trode is very difficult. It is possible to measure it in very dilute 
solutions by simply waiting for the' catalytic reduction, at the 
hydrogen electrode, of the contained hypochlorite to equilibriate. 
This method is not very accurate except in strongly buffered 
solutions such as milk; even here the small amount of acid 
reduction products formed from the hypochlorite giv'es a slightly 
higher resulting hydrogen ion concentration than actually exists 
in the presence of the unreduced sodium hypochlorite. Another 
method of obtaining a fairly steady potential in a dilute h 3 q)o- 
chlorite solution is to use a flowing hydrogen electrode. This 
has partially been accomplished by W. A. Noyes (4) in measur¬ 
ing the dissociation of hypochlorous acid with a platinized elec¬ 
trode. It has not been reported before in connection with 
hydrogen ion measurements in 'hypochlorite solutions. The 
principal idea in this method is to provide the platinized or 
palladiumized electrode with a constantly fresh supply of the 
hydrogen-saturated sodium hypochlorite solution being measmed, 
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during the reading of the potentials, in order to reduce the elec¬ 
trode catalysis to a minimum. Some measurements made in 
this manner have furnished very good results. 

The pH of the concentrated hypochlorite solutions were deter 
mined colorimetrically, following the suggestions of Cullen (5) 
but introducing thymolphthalein as a valuable aid in gauging 
the stable point. The stability of these concentrated solutions 
of sodium hypochlorite has been mentioned in other connections 
(1), but it will do no harm to restate that they will remain stable 
even in the presence of sunlight for several weeks without appre¬ 
ciable loss of available chlorine providing the hydrogen ion con¬ 
centration is controlled to the proper point during their prepara¬ 
tion, viz., pH 10.0 to 10.5. 

1. The reductase reaction of the milk samples 

Both the Schardinger reaction^ and the methylene blue reduc¬ 
tion test* were applied to the three samples of milk. 

These tests reacted positively for reducing substances in the 
raw whole milk and raw skimmed milk. The Schardinger reac¬ 
tion showed complete reduction in the whole milk in thirty 
minutes, and in the skimmed milk after seventy minutes. The 
methylene blue reduction test showed complete reduction of 
methylene blue in the whole milk after two hours, and in the 
skimmed milk after two and one-half hours. 

The boiled milk showed no reduction with either test after a 
period of ten hours contact. 


' The Schardinger reaction seems to depend upon the action of some substance 
(aldehydase) present in milk which is activated by formaldehyde to rapid reduc¬ 
tion of methylene blue. It is applied as follows; 5 cc. of a saturated alcoholic 
solution of methylene blue and 5 cc. of formalin are diluted to 200 cc. with water; 
t cc. of th^ reagent is added to 20 cc. of milk held at 46°C. in a water bath. De- 
colorization of the methylene blue shows presence of Schardinger’s reductase. 

’ The principle of this reaction is the reduction of methylene blue to methylene 
white by reducing substances either present in the milk or produced there by 
microorganisms. It is applied by adding an aqueous solution of medicinal 
methylene blue to 10 cc. of milk so that the resulting concentration of methylene 
blue is about 1 to 200,000. The milk is incubated at 37°C. 
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It was clearly established that there were present in the raw 
milk reducing substances for the NaOCl to oxidize, while the 
boiled milk contained a minimum of these. 

Precautions were taken to prevent bacterial contamination 
of the boiled milk previous to making the chlorination tests. 

2. Rate of chlorination of rato whole milk, boiled milk and raw 

skimmed milk 

The method of treatment of each type of milk was exactly 
the same. 

One hundred-cubic centimeter portions were placed in Erlen- 
meyer flasks which in turn were set on the shelf of a circulating 
water thermostat controlled to a temperature of 30°C. ± 0.2°C. 

When they had reached the temperature of the bath the 
following quantities of sodium hypochlorite (1 per cent available 
Cla) solution were added respectively to each flask of milk. A 
drop of milk was withdrawn at intervals and tested on the 
porcelain tile, previously described, for the presence of free 
sodium hypochlorite. The nearest tenth of one minute when 
the faint red-violet of the starch-sodium iodide reaction failed 
to appear was taken as the time required for the respective 
quantities of available chlorine to bfecome absorbed by the milk 
in question. Several sets were run to eliminate errors in checking 
the time factors. When a sample showed complete loss of free 
sodium h 3 q)ochlorite it was immediately removed from the bath 
and set in snow-water to await pH measurement. 

The whole milk had a fat content of 3.8 per cent while the 
skimmed milk contained 0.02 per cent. 

In table 1 will be found the average results for the (a) raw 
whole milk, (6) heated whole milk, and (c) raw skimmed mUk. 

S. Influence of temperature on the rate of chlorination of milk 

by NaOCl 

Six portions of the raw skimmed milk (c) of 100 cc. each wwe 
set in their respective water baths heated and controlled to the 
respective temperatures 20°, 25°, 30°, 40°, 60° and 70°C. Into 
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each portion was stirred exactly 10 cc. of 0.1 per cent available 
chlorine solution (0.21 per cent NaOCl solution). At short 
time intervals a drop of each solution was withdrawn and tested 
on the porcelain test plate for free NaOCl. The times of first 
disappearance of free NaOCl from these solutions at the tem¬ 
peratures in question are found in table 2. 


TABLE 1 


QUAKTITT 
or MILK 

QrANTTT> 

or Na(JCl 

Ch 

RATB OF CHLORINATION 

ELECTROMETRIC 

pH (25-C 

Raiv milk 
l.a) 

Heated 

milk 

(6) 

Skimmed 

milk 

(r) 

(a) 

(b) 

{C) 

CC 

tc 

muintt 

minuter 

mtputes 

minuteit 




100 

None® 

None 

None 

None 

None 

6.64 

6.51 

6.62 

100 

0 5 

5 

0.15 

0.15 

0 2 



6 65 

100 

! 1 0 

10 

0 85 

0.85 

0 9 



6.69 

100 

1.5 

15 

3 75 

4 00 

4 1 

i 


6.72 

100 

2 0 

20 

18 5 

16 75 

1 17.5 

t 


6.85 

100 

2 5 

25 

50.0 

52 0 

55.0 



6.01 

100 

5 0 

50 

Free NaOCl after four hours 





TABLE 2 


MILK ’ 

NaOCl 

A\ ATLABLE 
CHLORINE 

TEMPERATURE 
or HOLUTION 

t TIME or 

CHLORINATION 

CC 

cc 

w//m. 

“C 

minute^i 

100 

10 

10 

70 

0.8 

100 

10 

10 

60 

1.5 

100 

10 

10 

40 

4.5 

100 

10 

10 

30 

10.5 

100 

10 

10 

25 

18.5 

100 

10 

10 

20 

21.5 


4. Chlorination of sodium caseinate by NaOCl 

A 4.6 per cent solution of sodium caseinate was prepared from 
pure casein made according to Hammarsten and purified accord¬ 
ing to Robertson (3). The solution was adjusted to pH 6.5. 
One hundred-cubic centimeter portions were set in the water bath 
controlled at 40°C. Sodiiun hypochlorite of the concentration in 
“2” was added to the sodium caseinate in the quantities indicated 
in table 3. The time for disappearance of the free NaOCl was 
measured. 
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TABLE 3 


Chlorination of sodium caseinate hf KaOCl; pll 8.6 (4.6 per cent solution) 


SOJ>»rM CASEINATE 
KOLCTION 

Nar)Cl 

BOLCTION 

AVAILABLE CU 

TBMPEHATritR OF 
CHLORINATION 

TIM® OF 
CHLORINATION 

CC 

CC 

mam 

“C 

minutes 

100 

1.0 

10 

40 

0.4 

100 

1.5 

15 

40 

1.2 

100 

2 0 

20. 

40 

2.75 

100 

2.5 

25 

40 

5.5 

100 

1 3.0 

30 

40 

9.0 

100 

i 5.0 1 

50 

40 

20.5 


CONCLUSIONS 

1. A comparison of the relative time intervals (table 1) for 
the chlorination of the raw whole, boiled whole and raw skimmed 
milk, reveals that there is apparently no selective action on 
sodium hj’pochlorite by bodies present in the milk which effected 
the rate of chlorination. Although the boiled milk showed no 
reduction of methylene blue in either the Schardinger or methyl¬ 
ene blue reduction test, it reduced NaOCl with the same speed 
as the milk which rapidly decolorized methylene blue. If such 
selective action exists the present test is too clumsy to reveal it. 

2. The absorption of chlorine from the hypochlorite is very 
rapid at first, and as the milk becomes saturated its rate falls 
off. The presence of 3.8 per cent butter fat does not influence 
the rate, from which we can assume that the other substances 
present in the milk are more easily attacked by the NaOCl. The 
milk seemingly became quite saturated with available chlorine 
when 100 cc. of milk reacts with 50 mgm. in* the form of 55 
mgm. of free sodium hypochlorite, or 5 parts in 10,000. This 
concentration is too small because the 50 mgm. actually show 
no free NaOCl after five hours at 30°C. 

3. Sodium caseinate, freshly prepared from pure NaOH and 
casein, absorbs available Ch from NaOCl with great rapidity. 
The protein content of caseinate solution was approximately 
the same as that in ordinary milk. In preparing the caseinate 
solution care was taken to avoid alkaline hydrolysis by adding 
the NaOH to the soaked casein in quantities which held the 
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hydrogen ion concentration below pH 8.2. The possible influence 
of the SH groups in the casein molecule is suggested as partially 
responsible for the rapid absorption of Cb. We can believe 
that much of the chlorine absorbing power of milk is due to the 
proteins and nitrogenous bodies contained in it. 

4. The temperature markedly influences the destruction of 
NaOCl by milk. This is also true of other types of chlorination 
reactions. Raising the temperature from 20° to 60°C. decreases 
the time of chlorination to one-fifteenth of that required at 20°C. 
This is an important fact to remember in connection with food 
preserving measures and disinfection of milking macliines by 
sodium h 3 T>ochlorite. 

5. Tlie change in pH of the milk due to the added NaOCl 
solution did not increase the alkalinitj' sufficiently to have an 
appreciable effect upon the speed of chlorination. This point 
was checked in another manner by rendering the milk slightly 
alkaline at the start and adding like quantities of NaOCl. Like 
velocities of chlorination were obtained in each case. 
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In the manufacture of butter, some of the non-fatty constitu¬ 
ents of the cream are held in with the fat and become a part of 
the finished product. The object of this study was to find to 
what extent certain of these products would be found in butter 
made from samples of cream varying in age and quality and 
whether there was a difference in the fresh butter and in their 
keeping qualities. 

Marshal (1) found that the per cent of the total nitrogen in 
butter not precipitated by phosphotungstic acid, was slightly 
greater on fresh butter that scored low, than on butter with a 
higher score, and that the lower scoring butter had the largest 
increi|Se of soluble nitrogen after being held in storage seven to 
eight :&onths. 

M. E. Pennington (2) states that milk kept in cold storage 
for two weeks showed pronounced proteolysis, by the single 
or combined actions of bacteria and enzymes, converting the 
proteins through caseoses and peptones to amino acids. 

Brown (3) reports the per cent of total nitrogen not precipi¬ 
tated by copper sulphate about the same in pasteurized cream 
butter and in raw cream butter, while the action of typical butter 
organisms, which were inoculated into milk,'^as to increase 
the amoimt of soluble nitrogen. 

* The results given in table 1 were obtained by George W. Spitzer and WilHs 

H. Cole, under the general direction of Dr. H. W. Redfield, and acknowled^ent 
is hereby made. Appreciation is also ej^ressed to W. R. North for preparation 
of the samples made at Grove City; to Mr. L. Jones, Miss D. B. Scott, /md Kir, h 

I. Palmore, for assistance in making chemical analyses; to the Nitrogen J^bora* 
tory for all determinations of total nitrogen, and to Dr. I. K. Phelps, Chemist in 
Charge of the Food Control Laboratory, for general direction and supervision. 

320 



SOLUBLE NITEOGEN COMPOUNDS OF CREAM AND BUTTER 321 


The results reported in this work were on the same samples 
on which volatile acids and oxidizability value were determined, 
as shown in the paper entitled “The volatile acids and volatile 
oxidizable substances of cream and experimental butter” (4). 
For further information on these samples, reference is also made 
to the work by North antl.Bjgddish (5). 

The procedure used in obtainiJig ihe results reported in table 1 
is as follows: 


PROCEDURE FOR CREAM 

Two hundred grams of cream were weighed in a 500-cc. wide¬ 
mouthed bottle, 4 grams of sodium carbonate, dissolved in a 
little water, added, and the mixture aerated for six hours into 
n/10 HCl. The excess acid was titrated and the difference 
expressed as ammonia. After aeration, the fat was removed 
from the cream by shaking with gasoline, centrifuging and sy¬ 
phoning off the clear solution. The residue was diluted to 500 
cc. and aliquots taken for determination of amino nitrogen and 
nitrogen not precipitated by phosphotungstic acid as follows: 
To 25 cc. of the above, representing 10 grams of the original 
cream, were added 10 cc. of 5 per cent sulphuric acid and lOcc. 
of a 5 per cent solution of phosphotungstic acid in 5 per cent 
sulphuric acid and the mixture set aside for fourteen hours. The 
solution was then filtered and the precipitate washed with 2.5 
per cent phosphotungstic acid in 2.5 per cent sulphuric acid 
until the filtrate and washings measured approximately 100 cc. 
The nitrogen was determined in this filtrate by the Kjeldahl 
method. For determination of amino acids, a 50-cc. aliquot 
of the ammonia free cream was heated to 40° and the casein 
precipitated by adding a solution of 5 per cent sodimn sulphate 
in 5 per cent acetic acid until slightly acid to methyl red. The 
mixture was set aside for sixteen hours, filtered, and the precipi¬ 
tate washed with water until the filtrate and washings measured 
approximately 200 cc. The solution was evaporated on the 
steam bath to 15 cc., filtered, and the precipitate washed with 
small amounts of water until the filtrate measured 20 cc. Five- 
cubic centimeter aliquots of this solution were used for deter¬ 
mination of amino acids with Van Slyke’s apparatus. 



TABLE 1 

Showing results on cream and butter made at Denverj 1918 



322 





SOLUBLE NITROGEN COMPOUNDS OF CREAM AND BUTTER 323 


PROCEDURE FOR BUTTER 

Six hundred grams of butter were weighed in a quart jar, 
melted at about 50° and the fat partly syphoned off and the re¬ 
mainder removed with gasoline. The residue was made alka¬ 
line with sodium carbonate and aerated, diluted to 300 cc. and 
aliquots taken for determination of amino nitrogen and nitrogen 
not precipitated by phosphotungstic acid as in the procedure 
for cream. 

The results on the samples from Grove City, table 2 and fol¬ 
lowing, were obtained by modifying the above procedure as 
follows: The fat was removed from 100 grams of butter as de¬ 
scribed in the procedure for detection of neutralizers by Ferris 
(6). To the fat free residue, 5 cc. of 10 per cent acetic acid and 
30 cc. of a saturated solution of picric acid were added, the mix¬ 
ture shaken and filtered. The amino nitrogen and ammonia 
were determined in 10 cc. of the filtrate by the Van Slyke appara¬ 
tus and the results calculated to per cent of total nitrogen. 

For the determination of the nitrogen not precipitated by 
phosphotungstic acid, the fat was removed as above and 30 cc. 
of 3 per cent sulphuric acid and 10 cc. of 5 per cent phosphotung¬ 
stic acid in 5 per cent sulphuric acid added. The mixture was 
shaken, allowed to stand a few hours, or over night, filtered, and 
the nitrogen determined in an aliquot by the Kjeldahl method. 

The total nitrogen in butter was determined on the curd which 
was removed from the fat according to the procedure for fat 
in butter by Shaw (7). 

The results in table 1 show that there is a smaller percentage 
of the nitrogen present as amino acid and ammonia and as nitro¬ 
gen not precipitated by phosphotungstic acid in the butter than 
in the corresponding cream, and, in general, higher results were 
obtained on cream and butter with the lower score. It is also 
noticeable that there are higher results for amino nitrogen and 
ammonia in the butters after being kept in cold storage one 
month and still hi^er results on the portions of the samples 
kept in the ice box at 15° for one month, the increase being 
correlated in each case with a decrease in score. 
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For comparison of results on cream and the corresponding 
buttermilk and butter, a lot of cream was divided into four 
portions, held xmder the time and conditions noted in table 2. 
There is a close agreement of results on the cream and butter¬ 
milk, while in two of the cases the per cent of total nitrogen as 
amino nitrogen is somewhat lower on the butter than on the 
corresponding cream and buttermilk. 

Table 3 shows the amino nitrogen and nitrogen not precipitated 
by phosphotungstic acid on some high grade sweet cream butters 
and some low acid cream experimental butters upon which other 
determinations have been reported elsewhere (8). The results 


TABLE 2 

Showing amino nitrogen on cream, buttermilk and butter made at Grove €ity,19B0 


BAlkfPLB 

CREAM 


.iMlKO MTTROOBN Aft PER CENT 

OF TOTAL NITROQBN 

NUMBSB 

Inoculated with 

Time held 
dayi 

Tempera¬ 

ture 

Cream 

Butter¬ 

milk 

Butter 

232 

Cl 


3 

T. 

30-35 

4.9 

4.4 

4.1 

232 

C2 

Bulgaricus 

3 

30-35 

4.3 

4.5 

4.3 

232 

C3 


4 

30-35 

5.4 

5.3 1 

3.5 

232 

C4 

Peptonizing aerobes 

4 

30-35 

i 5.9 

5.6 

3.2 


on the experimental butters are slightly higher than on the sweet 
cream butters, both determinations showing larger amounts of 
soluble nitrogen after the two periods of storage; five to six months 
at 22°F and six to seven months at 22°F and then two weeks in 
the ice box at about 50°F. 

The results in table 4 on partially neutralized clean acid cream 
butter show results similar to those on the experimental butters 
given in table 3 from cream slightly acid but not Neutralized. 

Table 5 gives the results on some experimental butters made 
from cream treated in various ways. Sample 230 B1 was made 
from pasteurized cream inoculated with pure oidium lactis 
starter and held two days at room temperature, and 231 B1 
from raw cream inoculated with oidixim lactis starter and held 
twenty-four hours. Samples 236 Bl, 236 B2, and 236 B3 were 
made from the same lot of cream held at 20 to 35° for nine days. 
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TABLE 3 


Showing results on regular run sweet cream butter and on butter from cream slightly 

soured, Grove City, 19B0 





SCORE or BUTTER 

PER CENT or TOTAL NITROGEN AS: 

NUMBER 

ACIDITY or 
CREAM 

Frosh 

St or- 

Ice 

Amino nitrogen 

Nitrogen soluble in 
phosphotungstic acid 




age 

box 

FreHh 

Stor¬ 

age 

Ice 

box 

Fresh 

Stor- 

age 

Ice 

box 

200 

B 

0 17 

93 

94 

92 

1 4 

1 9 

1 4 

3 0 

3.4 

3.7 

201 

B 

0 16 

94 

93i 

9U 

2 3 

1 8 

2 0 

3.7 

5 3 

4.6 

202 

B 

0.10 

94 

92 

92i 

1 8 

1.8 

2.0 

2.4 

4 6 

3.0 

203 

B 

0.16 

94 

93 

92 

1 8 

1 6 

1 9 

3 2 

3.9 

2.9 

204 

B 

0 17 

04 

93 


1 4 

1 3 


2.7 

3 7 


205 

B 

0 17 

94 

93 

91 

1 5 

0 9 

1.4 

2 6 

3.8 

3.7 

205 

Bl 

0.40 

94 

91 


1 5 

1 2 


2.1 

7.1 


206 

B 

0 If) 

94 

02 

88 

1 2 

1 8 

1.3 

2.7 

3.9 

3.2 

207 

B 

0 16 

04 

93 

88 

1 6 

1 5 

1 5 

2 3 

4 7 

2.4 

207 

Bl 

0 24 

94 

Oli 


2 1 

2 9 


3 9 

9.5 


208 

B 

0 16 

94 

93 

89 

1 5 

1 9 

3 0 

2 0 

3.2 

4.1 

208 

Bl 

0.25 

93 

93 

86 

2 5 

2 3 

3 3 

3 9 

5.0 

5.2 

210 

B 

0 16 

94 

93 

93 

1,1 

1 5 

1 6 

2 9 

3 8 

2.3 

210 

Bl 

0.29 i 

04 

93 

90 

2 6 

2 5 

3 8 

3 9 

5.8 

6.2 

211 

B 

0 17 

94 

93 


1 3 

1 5 


3 0 

3.2 


211 

Bl 

0 23 1 

, 03 1 

93 


2 1 

1 8 


3 3 

3 5 


213 

B 

0 15 1 

04 i 

93 


0 9 
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Sample 236 Bl was made from raw cream, 236 B2 from pasteurized 
cream inoculated with pure oidium lactis starter, and 236 B3 
from pastemized cream inoculated with B. lactis acidi starter. 
This experiment shows that there is greater proteolysis in the 
butter from raw cream and also greater changes during storage 
than in pasteurized cream butter. 
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Samples 232 B1 and 232 B2 were made from raw cream held 
three days at 30 to 35°, 232 B2 being inoculated with B. bulgari- 
cus starter. Samples 232 B3 and 232 B4 were from raw cream 
held four days, 232 B4 being inoculated with peptonizing spore¬ 
forming aerobes. Since there is no appreciable difference in 
the determinations on the butters in this experiment between 
the inoculated cream samples and those not inoculated, it is 


TABLE i 

Showing results on experimental butter from neutralized clean acid cream made at 

Grove CUy^ 1920 


NUMBER 

ACIDITY OF 
CREAM 

SCORE OF BUTTER 

PER CENT OF TOTAL NITROGEN IN BUTTER A»: 

Fresh 

Stor¬ 

age 

Ice 

box 

Ammo nitrogen in acetic 
acid and picnc acid 
filtrate 

Nitrogen not 
preiMpitated by 
phosphotungstic acid 
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91 
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3 3 

3 4 
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5.2 
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1 1 

1.9 

2 2 

2.7, 
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4.1 

Mean... 





i 

2 8 

3 0 1 

1 

4.0* 

_1 

4.4 

6.0 


evident that the cream already contained enzymes or organisms 
sufficient to produce considerable proteolysis. 

Samples 235 Bl, 235 B2, and 235 B3, were made from pas¬ 
teurized cream held at room temperature 3 days, the first being 
inoculated with B. lactis acidi stajter, the second with B. aero- 
genes, B. coli, and B. lactis acidi, and the third with peptonizing 
spore-forming aerobes. These three samples showed piracti- 
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cally the same amount of amino acids and nitrogen not precipi¬ 
tated by phosphotungstic acid as the high grade regular run 
butters, as shown in table 3. 

In order to determine whether more proteolysis wotild take 
place if the peptonizers were given a longer time to act, experi¬ 
ment 237 Bl was carried out. Pasteurized cream was inoculated 
with the peptonizing culture and held At room temperature six 
days, then at 37 to 40° for three days. The butter from this 
cream scored only 88 when fresh and fell down greatly in storage; 
however, the amino nitrogen and nitrogen not precipitated by 
phosphotungstic acid were only slightly higher than found in 
neutralized clean acid cream butter, as shown in table 4. Sample 
238 Bl was made from raw cream inoculated with B. coli and 
B. aerogenes and held under the same conditions as 237 Bl, when 
the cream was found to contain bacteria, predominantly B. 
bulgaricus. The butter from this cream was considerably higher 
in amino nitrogen and slightly higher in nitrogen not precipitated 
by phosphotungstic acid than the butters from neutralized clean 
acid cream. 


SUMMARY 

Proteolysis of cream, as shown by increase in amino nitrogen 
and nitrogen not precipitated by phosphotungstic acid in the 
corresponding butters begins as soon as the cream develops 
acidity of 0.2 or 0.3 per cent. As these butters were held in 
storage, there was found to be an increase in the soluble nitrogen 
compounds, the increase on butters made from sweet cream being 
slight, while the butters made from neutralized sour cream showed 
a somewhat greater increase. The greatest per cent of soluble 
nitrogen, when the butter was fresh, and also the greatest in¬ 
crease during storage, was on butter made from cream which 
had been allowed to sour before being pasteurized. 
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XI. RELATION BETWEEN THE BUTTERFAT PERCENTAGE OF 
ONE LACTATION AND THE BUTTERFAT PERCENTAGE 
OF A SUBSEQUENT LACTa\TION IN GUERNSEY 
ADVANCED REGISTRY CATTLE* 

JOHNW.GOWEN 

Maine Experimcnl Station, Oron), Maine 
Received for publication in March, 1922 

In a previous paper it has been shown that a milk record of 
Guernsey cows making the advanced registry predicts quite 
exactly what the subsequent record of these same cows will be 
when put on retest. In other words, ph 3 'siologlcalIy speaking, 
the control mechanism of the cow when once established regu¬ 
lates quite accurately what the subsequent production of that 
cow will be. It remains to be shown whether this control 
mechanism or some similar one will regulate the butterfat 
percentage of the cow to a similar degree. As important per¬ 
haps as a knowledge of whether a butterfat record of a cow is 
any prediction of her calf’s potential possibilities as a milk 
producer is this knowledge of the worth of one record as an 
indication of the producing capacitj' of the cow herself in sub¬ 
sequent lactations. In fact, this knowledge is at the basis of 
all dairy work, for without it no culling of daily cattle would be 
possible, nor would it be profitable to test cattle since the record 
would be simply an empty number without further significance. 
It is the purpose of this paper to attempt to .solve this relation¬ 
ship and show its true value for the Guernsey breed. 

MATERIAL 

The data used in this investigation are the same as those of 
the investigation on milk yield. The American Guernsey Cattle 

* Paper from the Biological Laboratory of the Maine Agricultural Experiment 
Station, No. 145. This paper is one of a series of investigations in animal hus¬ 
bandry the continued prosecution of which has been made possible by a grant 
to the author from The Rockefeller Institute for Medical Research. 
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Club in its advanced registry tabulates the records of the cows 
which make the requirements for entry. In volume 31 of this 
registry there are found to be 738 possible pairs of these test and 
retest cows under ten years old. From these data the necessary 
tables were made to determine the degree of relationship which 
exists between the butterfat percentage of one lactation and 
that of another lactation. These tables are shown in the appen¬ 
dix to this paper. Because of the slight decrease of the butter- 
fat pi'i eentage with advancing age of the cows in the Guernsey 
breed, it was considered advisable to divide the data into year 
groups for age of the cows up to the age of six years. The cows 
whose ages weiu seven, eight, and nine years were grouped 
together. 

MEAN nUTTEUFAT TERCENTAGE OF GUERNSEY TEST 
AND RETEST COWS 

Table 1 gives the avcr.age butter fat percentages for the dif¬ 
ferent age groups. Tlie columns represent the mean butterfat 
jiercentages of the cows whose ages are indicated above the 
column. The groups of cows within that age for which the 
butterfat percentages arc subsequently correlated are showm 
at the left as the age at which the retest was made. Thus, the 
first mean in the two-year column, 5.15 ± 0.03, shows that these 
two-year-olds' mean butter fat iiercentage was 5.15 ± 0.03 per 
cent anil that these same cows were subsequentlj' tested at 
three years old. Similarly the mean butterfat percentage of the 
two-year-old cow.s subsequently retested at four years old w'as 
5.09 ± 0.03 per cent. The mean butterfat percentage of the 
three-year-old cows tested at two years is given in column headed 
three years in the two-year row as 5.12 per cent. No striking 
differences appear in the butterfat percentage of any age group 
of cows. The butterfat percentage declines with age, it is true, 
but this is in line with the fact that butterfat percentage does 
decline slightly in the Jersey, Guernsey, and Ayrshire breeds. 

It will be remembered from the previous paper (6) that there 
was a very distinct increase of the retest cow’s milk yield as 
compared with the milk yield of the cow on first test even within 
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the same age groups. This increase in milk sdeld appears to be 
due to the development of the cow, to special treatment accorded 
the cow in retest, or to the education of her owner in the proper 
handling of cattle for advanced registry testing. In either 
case the result is brought about largely as an environmental 
effect, the consequences of the effect being sufficiently large to 
justify careful attention to this phase of the training of cattle 
and men for advanced registry testing. 

The effect of this training is all on the milk yield, for if an 
examination is made of table 1 to compare the records of test 
and retest cows, it is seen that they do not differ appreciably in 
their mean butterfat percentage within the same age groups. 
The possibilities of using this developmental effect in increasing 
milk seem to be limited to the increasing of the milk yield and 
not to increasing the butterfat percentage. The butterfat per¬ 
centage appears quite stable and resistant to such an influence. 

VARIATION OF THE BUTTERFAT PERCENTAGE OF GUERNSEY 
TEST AND RETEST COWS 

Table 2 gives the variation in butterfat percentage which 
these Guernsey cows showed in their first and second tests. This 
variation is recorded as the standard deviation. Within limits 
of three times the standard deviation on either side of the mean 
butterfat percentage of table 1 are included practically all the 
observed butterfat percentages of this group of cows. The 
arrangement of table 2 is the same as that of table 1. 

The variability with the different age groups appears to be 
at random. Of the standard deviation for the individual ages 
that for the two-year-olds subsequently tested at six years old 
is probably too low. The variability of the seven-year group 
tested again at eight or nine years is high. These differences 
are probably due to random sampling and not to any real dif¬ 
ferences. The other standard deviations vary within rather 
narrow limits. The variability expressed in terms of the mean 
ranges from 7.3 to 10.1 per cent. This variation is closely similar 
to like data on the butterfat percentage of purebred Jersey 
cows (5), Ayrshire cows (8), and Holstein-Friesian cows (2). 



Dijferences between btUterfat percentage for Guernsey retest cows in first and second te^i^ 


334 


JOHN W. GOWEN 


h 

ei 


d o 
■H -H 

II 

d d 


'M O 00 

S § 3 3 

o o d d 
-H -H 4] 

p o Oi CO 

o o o d 


§ CO os 

sis 

o d © d 
41 

o o o d 


CO 

88 

O O 

41 41 


OOP 


o oo 

■1 ri 

o o 
o © 
-H -H 
is ^ 

^ CO 
■<-}i rf 

© © 


© 

© 

41 

d 


© o 
-4 +1 

^ CO 

d d 


© 

41 

% 

d 


S3 
d © 
4^ -H 

CO r-" 

S2¥ 

© © 


ii 

© © 

4i 41 

© 

»o 


r:? ^ 

ro CO CO CO 
© © © © 


© © 

4^ -H 

d © 


© © 
d d 
-H 4^ 
3 

CO 


Oi Ci 

2 <N CO -o* U5 © 00 "fl 
X 


c,” 

c 

Cj 

ci 

.2 



s 

e 

•n 




i 

?? 

X 



d 

d 


i 

© 00 Tt^ 

^ 3 SS «'» 

© © O O © 



o d d © d 



o» 

-H -H -H -H -H 1 



00 

tN- O CO Ol 1 

CO O CO © X 

© X X 

782 



© d d © o 

© 



liii I 



S 

© © © © © 

41 4^ 41 -H -H 



e 

h* QC cs) 

00 M © *-< X 

© i>- X X X 




d d d d © 

© 

fi 

u 

h 


^ CO ^ ^3 

© o © © © 


a 

u 

2 

o © d o o 


» 

0 

H 

O 

g 

W5 

41 -H 41 41 41 

i © 8 ^ § 

X X 00 X 

X 

< 


© o © d d 

© 



‘OX © © '^1 

Ol 01 ^ © 

© © c6 O © 



V 

© d © © © 



-H -H 4) -H -H 




g?; 8sg 

!>- X X X !'». 

i 



© © d © d 

d 



X CO X 

-^1 X »0 -O' 

© © © © c6 



£ 

o o © o © 



« 

C*9 

1 41 41 41 41 41 

I 0) cs oi r-- 

'-') © X 

X X X t>- t”* 







© © © © d 

d 


1 

1-H wO © 'f © 

CO © 

o © © © © 



« 

© © d d © 



1 

41 41 41 41 41 


! 


OI © o 




© © d d © 

! ® ! 

B 

O , 



: i 

B M 

gg 

kO 

o 

< 

ftGfs 

2 

3 

4 

5 

6 

7, 8, 9 

8 and 9 

Average.., 





STUDIES IN MIUK SECUETION 


335 


RELATION BETWEEN THE BUTTERFAT PERCENTAGE OF THE FIRST 
TEST AND OF THE RETEST 

With these data at hand it is now possible to measure the 
degree of reliance which may be placed in one advanced registry 
record for butterfat percentage as an indication of what that 
cow may do on another advanced registry test. It is the answer 
to this problem which makes the advanced registries worthy or 
unworthy. Table 3 gives the correlation coefficients for one 
lactation’s butterfat percentage record with that of another. 

Study of table 3 shows that the correlation coefficients for 
the butterfat percentage of one lactation correlated with that of 
another lactation are high for that kind of data. The average 
weighted correlation coefficient for all tests is 0.792 when each 
observation is equally weighted. The differences in the indi¬ 
vidual correlation coefficients appear to be due to chance. Such 
being the case, the results lead to the important practical con¬ 
clusion that a cow beginning her lactating career as a two-year- 
old with a high butterfat percentage may be expected to dupli¬ 
cate this relatively high performance. The first lactation records 
as to the butterfat percentage which a given cow will produce 
are, then, good indices of what may be expected in future years. 
Selection of cows on the basis of such records is profitable to 
the dairyman. 

Some comparative records along these lines are of interest. 
The data given in table 4 furnish this information. 

Table 4 (3, 4, 5, 6, 7) shows that a butterfat percentage record 
of advanced registry Guernsey cows predicts more accurately the 
butterfat percentage of a subsequent lactation than an advanced 
registry milk record predicts the milk yield of a subsequent 
lactation. Thus, the average correlation coefficient between the 
various butterfat percentages of different lactations is 0.792, 
while the average correlation coefficient of the various milk 
yields of diff erent lactations is 0.C96, or the butterfat record is 
approximately 1.1 times as good an index of the subsequent 
lactation records as is a milk production record an index of the 
subsequent lactations’ milk yields. 
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It will be noted that an advanced registry record of Guernsey 
cows, whether for milk yield or butterfat percentage, is a more 
reliable guide to what those cows will do in a subsequent ad¬ 
vanced registry test than are the records of a pure-bred herd of 
Jersey cattle. Advanced registry cattle are a selected group of 
cattle. The comparison of these selected Guernsey cows with 
those of a pure-bred herd of Jerseys where no selection has been 
practiced indicates that the reliance which may be placed in the 
butterfat percentage and milk records of an unselected group of 
cattle is slightly less than can be placed in the records of the 
selected group. This does not mean that the records of the 
unselected group may not be as accurately taken as the records 
of the advanced registry group. The correlations in all cases 
are high for butterfat percentage or for milk yield. Such high 
correlation coefficients indicate that the individual cows are 
innately differentiated in their capacity for producing a high 
or low butterfat percentage or a high or low milk yield. 

The correlation coefficients between the monthly egg produc¬ 
tion and the other-eleven-months’ production of the White 
Leghorn hens show a similar range to those of the various butter¬ 
fat percentages except that they are considerably lower in value. 
Such being the case, a greater reliance may be placed in a milk 
or butterfat percentage record than may be placed in an egg 
record. 

Conformation has played and is playing a large part in the 
selection of cows for milk production. It does not occupy so 
wide a place in the selection of cows for butterfat percentage, in 
fact has little relation to it. The selection of cows is based on 
the hope of future returns from these cows as milk and butterfat 
producers. Table 4 brings out in striking comparison the 
relative values of a milk record and a judgment on conformation 
as an indicator of the cow’s future production. Thus if the 
character having the highest relation to milk production total 
score, is compared with a record for milk yield, it is seen that a 
milk record of Guernsey advanced registry cows is 3^ times as 
good an indicator of what the cow will do in a subsequent lacta¬ 
tion as is any point of conformation. Not only that but con- 
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formation throws little or no light on a cow’s butterfat percent¬ 
age, whereas the Babcock test applied to a cow’s milk indicates 
quite clearly what that cow’s milk will test for butterfat in a 
subsequent lactation. It seems doubtful if greater proof is 
needed of the desirability of testing cattle. 

One other thing is needed to make any record of value in 
predicting another, the factor necessary to convert one record 
into another must be known. 

TABLE 5 


Equatiom to predict the probable butter-fat percentage of Guernsey advanced registry 

cows on second test 
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PREDICTION OF RETEST BUTTERFAT PERCENTAGE FROM THE 
FIRST TEST BUTTERFAT PERCENTAGE 

These conversion factors may be put in the form of equations 
to predict one of the variables from another. These equations to 
predict the probable butterfat percentage of one lactation from 
that of another have been calcxdated for these advanced registry 
Guernsey cows. They are given in table 5. 

In the equations of table 5, BF percentage represents the 
desired predicted butterfat percentage at the subscript age, and 
bf percentage indicates the butterfat percentage at the age given 
as the subscript to the bf percentage. Thus a cow at two years 
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old gives a milk whose butterfat percentage is 6.0 per cent, 
which would be the expected advanced registry butterfat per¬ 
centage at six years of age. We find the BF percentage of six 
years and the bf percentage of two years in the fourth equation 
of column 2. This equation is 

BF percentagee = 0.982 + 0.780 bf percicntagea 

substituting, we have BF percentagee = 0.982 + 0.780 X 6.0, 
or the expected butterfat percentage at six years is 5.662 per 
cent. By the same process the required probable butterfat 
percentage of any age may be found. 

SUMMARY 

This paper presents data to show the reliability of an ad¬ 
vanced registry record of (luernsej- cattle in predicting what the 
cow’s butterfat percentage will be in a subsequent advanced 
registry retest for other lactations. The principle facts resulting 
from this study may lie briefly stated as follows. 

Unlike milk yield, the butterfat percentage of these Guernsej' 
advanced registry cows shows no increase on retest. It remains 
approximately the same in the retest as in the first, test. 

The variation of the butterfat percentage is closely similai' 
to that of other brc'eds of cattle. 

I’he relation of the butterfat percentage of one lactation to 
that of another is high, ranging from 0.637 to 0.893 in terms of 
the correlation scale. The average correlation coefficient is 
0.792. This average is 1 1 \, times as high as that for milk yield 
of these same cows, or a butterfat percentage record may be 
more accurately predicted from a previous test than can a 
record for milk yield be predicted from a previous test. Com¬ 
parison of these results with records of a pure-bred Jersey herd 
for the relation of one lactation to another indicates that the 
advanced registry records predict a subseciuent advanced regis¬ 
try performance more accurately than would be expected to be 
the case for all Guernsey cows. 

A comparison of the value of a month’s egg record in pre¬ 
dicting the other eleven months’ record with Guernsey butterfat 
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percentage records shows that a Guernsey butterfat percentage 
record predicts more accurately the subsequent butterfat per¬ 
centage record than does an egg record predict the subsequent 
performance of the hen. 

Comparison of scoring as a method of selecting cattle for 
milk yield or butterfat percentage with an advanced registry 
record for selecting milch cows shows the advanced registry 
record to be several times more valuable than the score card. 

Equations are presented to determine from one lactation’s 
advanced registry butterfat percentage record what the probable 
butterfat percentage record at a subsequent lactation will be. 

APPENDIX 

Tables Showing the Correlation Surface for the Variable Butter-pat 
Percentage op one Lactation with the Butter-pat Percentage op 
Another Lactation. Each Lactation is at a Known Age 
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STUDIES IN THE GROWTH AND NUTRITION OF DAIRY 

CALVES 

VI. THE ADDITION OF HAY AND GRAIN TO A MILK RATION FOR 

CALVES 

ANDREW C. McCANDLISH 

Dainj llushandnj Section, Iowa State College of Agriculture and Mechanic Aria, 

Anies, Iowa 

The necessity of investigating the effects of rations selected 
from limited sources is now recognized as of vital importance in 
arriving at a true idea of certain nutritional processes. In order 
to determine the true or relative value of any feed for a given 
class of animals, it is necessary that it be fed with a wide variety of 
other feeds and also as the sole constituent of the ration, if it is 
of such a nature as to render this possible. A thorough under- 
stantling of the physiological value of any feed can only be 
arrived at after a series of correlated investigations, the results 
of which can be studied as a group. 

The work outlined here was undertaken to expand results 
reported in jiaper V of this series and to determine the relative 
values of rations consisting of milk, milk and mixed grains, and 
milk and alfalfa hay for young calves. 

R^SUMf; OF PREVIOU.S WORK 

Investigations bearing directly on the problem under considera¬ 
tion are limited in number as little work of this character has 
been undertaken with fann live stock. There are, however, 
reports of investigations with laboratory animals which aid to 
some extent in the explanation of the re.sults obtained. 

The results available on the use of limited rations for ruminants 
are meager. Plumb (51) fed one pen of calves on whole milk 
and two pens on skim milk, for a period of two to three months 
without observing any bad effects from the limited ration. 
Sanborn (52) placed a calf weighing 180 pounds on a ration of 
milk and grain, and the animal is reported to have eaten the 
sawdust used as bedding and died of indigestion. 
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In an attempt to grow cattle without the use of roughs^, 
Davenport (39) found that grain fed in amounts up to half a 
bushel daily to a five-month old calf did not satisfy the craving 
for feed. Disturbances of the nerve centers and swelling of the 
joints were noticed. A second calf, fed exclusively on skim 
milk until seven months of age, when it Tras in quite poor condi¬ 
tion, was then placed on coarse feed and recovered rapidly. A 
third individual, fed milk and grain, was extremely reduced 
in condition at five months of age, but recovered when allowed 
hay. A fourth calf, which received no roughage, died at three 
months of age. A post-mort.em examination showed that the 
muscles were hard and firm and no internal fat was present. 

That growth and reproduction were seriously affected by limit¬ 
ing the ration of dairy heifers to the products of a single cereal 
plant was found by Hart, McCollum, Humphrey and Steenbock 
(45,46). It was also reported in paper V of this series that calves 
could not exist for extended periods on a ration of whole milk 
alone. 

In an investigation with hogs, Biimett (35, 36) found that 
limiting the ration to corn markedly affected bone growth and 
development and the breaking strength of the bones of the legs. 
In the case of work done by McCollum and reported by Henry 
(47) it was found that a sow could be raised to maturity and repro¬ 
duce normally with milk as the sole feed, though Eward and 
Glatfelter (42) report that better success was obtained in the 
raising of orphan pigs where eggs, tomato juice or orange juice 
were added to the ration than where milk alone was fed. 

It has been stated by Forbes (43) that the specific effects of 
feeds on growing animals are due largely to the mineral elements 
in the feed and especially to the relation between the calcium 
and magnesium, while the importance of the vitamines has been 
emphasized by many and the work of this character, though little 
of it with ruminants, has been summarized quite completely by 
Blunt and Wang (32, 33). However, Dutcher, Kennedy and 
Eckles (41) report that the milk of cows on pasture is richer in 
water soluble C than is that of cows on winter feed. 
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EXPERIMENTAL WORK 

In this work six calves were used, of which five were bulls and 
the other was presumed to be a freemartin as it was twinned with 
a bull. All but the freemartin were grades. The calves were 
allowed to suck their dams for a feiv days after birth and were 
then put on the experimental rations. They were divided into 
three lots and information concerning the individuals is given in 
table 38. 

After the calves were taken from their dams, milk was fed to 
them three times daily in amounts indicated by their ability to 
handle it. Salt was accessible at all times and they had access 
to water for several hours daily though they were confined in 
pens. In addition, lot II was allowed to consume at free will a 
grain mixture consisting of 5 parts cracked com, 2 parts ground 


TABLE 38 
A^nmals 



IX)T I- 

-MILK 

LOT ri—MILK 

AND MIKIfil) URMN 

LOT III—MILK 

AND ALFALFA HAT 


Calf 479 

Calf 489 

Calf 498 ! 

Calf 502 

Calf 488 

Calf 495 
(Holstein) 


(grade* 

Ouernaey) 

(grade* 

Holstuiul 

(giadi* 

Jersey) 

(grade 

Guernsey) 

(grade 

Holstein) 

Birth weight, pounds .. . 

76 

85 

51 

68 

66 

(55 

Sucking days. 

4 

3 

5 

6 

2 

5 


oats, 2 parts wheat bran and 2 parts old-process linseed oil meal 
by weight, while lot III always had access to alfalfa ha}^ 
Complete records of feed consumption were kept and these 
have been combined by thirty-day periods throughout the various 
experiments. The weights of the animals were determined on 
three successive days in the middle of each period and from these 
the live weights at the end of each experimental period were 
determined. Body measurements were obtained in a similar 
manner though only taken on one day. In the final computa¬ 
tions it was assumed that the milk consumed during the few days 
that the animals sucked their dams was the same in amount as 
that consumed in a like period after hand feeding was started. 
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The calves did not all start on experiment at the same time, due 
to differences in date of birth, but in the tabulations they are 
kept together on the age basis. The inequalities near the finish 
are due to the fact that the experiments were all closed about the 
same time irrespective of the ages of the calves. However, to 
avoid complications, the records for the animals which lived 
throughout the work are given to the' end of the last thirty-day 
period that was completed. 


Rations 

Lot I- — milk. The calves in this group were fed a ration of 
whole milk throughout the trial. When they became W'eak and 
low in condition, alfalfa hay was introduced into the ration. 
This introduction took place at the beginning cf period VIII for 
calf 479 and on the nineteenth day of period VI in the case of 
calf 489. For a few days the allowance of hay was limited and 
then it was given at free will. 

Lot II—milk and grain. This group received milk throughout 
the experiment and in the latter part of period II the grain mix¬ 
ture was introduced and kept before the animals at all times. 
Calf 502 died on the sixteenth day of period V after consuming 
little feed during the last two ■weeks of its life. At the beginning 
of the sixth period, alfalfa hay was given to calf 498, at first in 
limited amounts, and later at free will. 

Lot III—milk and alfalfa. These calves had milk throughout 
the experiment, and alfalfa hay was introduced in the latter 
part of the first period for calf 495 and in the early part of the 
second period for calf 498 and from then on was allowed at free 
will. 


Growth of calves 

The records of the increase in live weight and body measure¬ 
ments of the calves are indications of the suitability of the rations 
for the calves. For this reason the birth weights of the calves 
and their weights at the end of each completed thirty-day period 
are given, as are the body measurements taken, height at withers, 
depth of chest and width at hooks. 
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TABLE 39 




Feed record^' 


PERIOD 

JEED 

Wtiole milk | 

Alfalfa bay j Mixed grain 

Salt 


Lot I—milk ration 



Calf 479 

Calf ‘189 

Calf 479 

Calf .189 

Calf‘179 

i Call 489 

Calf 479 

Calf 480 


pounds 

pounds 

pounds 

poimd'^ j 

j p,/un!'' 

pounds 

pounds 

pounds 

I 

351 

333 


j 

j 


0 01 

0 21 

II 

450 

489 


1 


0 39 

0 09 

III 

482 

599 


1 


0 10 

0 18 

IV 

540 

630 


1 1 

1 i 

0 10 

0 33 

V 

630 

630 


! 1 

0 29 

0 27 

VI 

630 

630 


45* 1 1 

0 26 

0 IS 

vn 

630 

630 


M9 : ■ 

0 17 

0 10 

VIII 

630 

630 

86 

204 1 i 

0 10 

0 04 

IX 

630 


121 

1 1 

0 15 



Lot II—milk and mixed jcrain ration 



Calf 498 

Calfr>02 

0^^498 

Cab:^0!' 

CHlf4')8 

Calf 50-» 

! Calf 198 

t 

CulfSOJ 


pounds 

2)Ounds 

poun.fs 

po i7lds j 

pound 

Jlollhds 

pounds 

pounds 

I 

218 

216 





0 04 

0 06 

II 

246 

267 



■> ! 

\ 10 

0 09 

0 08 

III 

270 

270 



26 

' o > 

0 12 

0 06 

IV 

270 

270 



()0 

' 50 

0 04 

0 02 

V 

270 1 

30t 


1 

] 

S2 

; x2 

0 02 

0 oit 

VI 

270 j 


59 


57 

1 

0 08 


Vll 

270 1 


108 


30 i 

1 1 
1 i 

0 10 



Lot TIT—milk and alfalfa ration 



Calf 488 

Calf ‘193 

Cab 488 

Calf 495 

C'alf 488 

Calf 495 

j Calf 488 

Calf 495 


poujids 

pounds 

pounds 

pounds 

pounds 

1)0 u nds 

pounds 

pounds 

1 

298 

307 


9 



0 02 

0 04 

II 

462 

450 

27 

36 



0 02 

0 05 

III 

450 

450 

73 

96 



0.11 

O.OS 

IV 

450 

450 

184 

las 



0 11 

0 11 

V 

450 

450 

264 

220 



0 19 

0.26 

VI 

450 


313 



\ 

0.45 



* Last twelve days of period VI for calf 489. 

t Calf 602 died on the sixteenth day of period V and for two weeks prior to 
this consumed little feed. 
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TABLE 40 

Live weights and body measurements of calves 


GROUP 


PERIOD 

Normal 

Lot I 

Lot II 

Lot III 


Calf 479 

Calf 489 

Calf 498 

Calf 502 

Calf 48$ 

Calf 495 


Live weight' 



povnda 

pounds 

pounds 

pounds 

pounds 

pounds 

pounds 

Birth 

67 

76 

85 

51 

68 

66 

65 

I 

90 

94 

123 I 

69 

71 

133 

95 

11 

120 

124 

162 

92 

83 

166 

143 

III 

163 

161 

217 

128 

112 

241 i 

210 

IV 

211 

177 

271 

165 

113 

322 

266 

V 

262 

212 

315 

187 


399 

339 

VI 

314 

252 

382 

220 


469 


VII 

366 

265 

462 

253 




VIII 

413 

289 

530 


i 



IX 

452 

323 



i 




Height at withers 


% 


'inches 1 

inches 

inches 

inches 

inches 

tnchc't 

I 

SS.7 

30.4 

‘29 9 

26 5 

28 1 i 

29 1 

28 6 

II 

30.7 

31.5 

32,5 

27.5 

29.0 

31.4 

30 7 

III 

32 9 

33 3 

35.0 

29 4 

30 4 

33 5 

32.2 

IV 

34.8 

34 1 

37 0 

^ 30.9 

30 7 

35 7 

35.7 

V 

36.4 

33 2 

38.7 

33 5 


38.0 

39 0 

VI 

38.4 

36.4 

40 5 

35 0 


40.8 


VII 

39.8 

40.2 

42 8 

36 2 




VIII 

41 0 

40.4 

44.3 





IX 

42.0 

42.0 







Depth of chest 


I 

11.4 

12.1 

13 0 

10.2 

11.0 

12.1 

11 9 

II 

12 8 

13.5 

14 0 

11.5 

11 3 

13.9 

13.0 

III 

14.2 

14.9 

16.0 

13.1 

13.2 

15.8 

15.1 

IV 

15.4 

15.7 

17.2 

14.4 

13 8 

17.1 

16.6 

V 

16.7 

16.7 

18.4 

15 0 


18.2 

17.8 

VI 

17.9 

17.8 

19,3 

15 5 


20.0 


VII 

18.7 

18J 

20.3 

16.2 




VIII 

19.5 

18.6 

20.5' 





IX 

20.3 

19.3 


I 
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TABLK 40—Conitnttcd 

GROUP 


PBRIOD 

Normal 

1 I.iOt I 

T^tll 

Lot III 

Calf 479 

Calf 489 

Calf 498 

Calf 502 

Calf 488 

Calf 495 

Width at hooks 


tnchet 

tnchea 

inches 

inches 

inches 

inches 

inches 

I 

6 7 

6 5 

7.4 

5 9 

6 3 

6 8 

6 9 

II 

7 6 

7 3 

8 6 

7 0 

6 9 

7 8 

8 0 

III 

8 5 

8.0 

9 8 

8 1 

7 1 

9 0 

9 6 

IV 

9 4 

8.3 

11 1 

8 7 

7 1 

10 4 

10 9 

V 

10 2 

8.9 

11 1 

9 1 


11 9 

11 4 

VI 

11,2 

9 8 

11 4 

10 0 


13 0 


VII 

11 8 

9 9 

12.4 

10 4 




VIII 

12.6 

10 4 

13 2 





IX 

13.2 

11 1 







In order that some idea may be gained as to the relative rates 
of increase in live weight and body measurements of the calve|^ is 
necessary that some standard be used with which they may be 
compared. For this purpose the averages of similar measure¬ 
ments obtained on 40 normally fed heifers are included. This 
should form a satisfactory basis of comparison as all the experimen¬ 
tal calves were .young and the bulls were castrated so that it is 
not probable that sexual development would cause the two groups 
of figures to vary relativel3\ 

Lwe weights arid body measurements. When lot I is considered 
it is found that both animals is this group were heavier at birth 
then the average for the normal group. Calf 479 maintained its 
lead for only two months and then dropped below normal and 
continued to do so until alfalfa hay w’as introduced at the begin¬ 
ning of period VIII when it started to regain in rate of growth, 
calf 489, the heaviest of all, increased in live weight slowdy and at 
the end of period V was of the same weight as the normal calves 
were at the end of period VI. During period VI, alfalfa w’as 
introduced and it immediately started to gain rapidly. 

Both ftnimalR in lot II, though one was heavier and one lighter 
than the average for the normal group, fell far behind the normal 
weights as the work progressed. The calf 502 died, while no. 
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498 was given alfalfa at the end of period V and when the trial 
closed at the end of period VII it was beginning to approach the 
normal group in weight. 

The alfalfa fed animals in lot III, though slightly lower in 
birth weight than the average for the normal group, always 
exceeded the normal group in live weight from the end of period I. 

In regard to the body measurements it may be said that they 
did not vary uniformly though there was a very decided increase 
in the rates of growth of the calves in lot III compared with the 
normal calves, while the calves in lot II lagged behind the check. 
The calves in lot I did not show a great variation from the check 
group. 

Increase in live weight and body measuremerds. The animals in 
lot III, fed alfalfa and milk throughout, showed a greater percent¬ 
age increase in live weight and body measurements than did the 
normal group. In lot II, calf 502 showed a slower percentage 
increase than nonnal and eventually died. The other animal in 
this lot, calf 498, showed slow percentage gains in height but 
the other measurements were near normal, while the percentage 
increase in body weight was accelerated by the introduction of 
alfalfa hay into the ration. In lot I the percentage increases in 
live weight were good towards the start but started downwards 
and then recovered greatly on feeding’alfalfa hay, the greatest 
recovery being in the case of the calf started on hay at the younger 
age. In the body measiu-ements of this group the tendencies were 
quite similar. 


Condition and behavior of calves 

Certain results brought about by the rations fed to the animals 
were most noted in physical characteristics, other than weight 
and body measurements, and in their body activities and general 
behavior. 

Lot I—milk. In the early part of period III, calf 479 showed a 
ravenous appetite for shavings and started to eat hair from 
no. 489 and the faeces were very thin. The animal was quite 
thin but the muscles were firm. By the beginning of period 
IV, no. 479 began to lie down considerably. The faeces were 
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watery and a slate grey in color. The muscles wcrefirmbutthere 
was no apparent body fat and the calf started to chew the wooden 
walls of the pen. In period VI, no. 479 had taken practically all 
the hair from the back of no. 489 and attempted to cud. This 
was probably due to the hair and wood eaten. 

In period II, calf 489 showed a depraved appetite and in the 
early part of period III became w'eak in the knees when led, 



Fig. 1. Calf 489 in Lot I 

This shows the low condition the calf was in after continuous feeding of milk 
alone for five months. 

and down in the front pasterns. Later in the period its gait 
became stilted and the legs were stiff at the knees and hocks. 
The skin was very sensitive and twitched when touched, especially 
along the spinal column. By period V, calf 489 had become 
quite listless but was erratic to handle. 

Within a few hours of the introduction of alfalfa hay to the 
ration, these calves were chewing the cud and continued to im- 
prove from that time on. 
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Lot II—milk and grain. The calves in this group may be 
treated separately. In the early part of period 111, calf 498 had 
a good appetite and was in good condition but showed a craving 
for roughage. It (diewed its cud slightly, probably due to eating 
shavings used as bedding at that time, but they were removed. 
In the early part of period V the leg joints became swollen and 
the calf could not stand straight. The knees were bowed outward 
and forward. The appetite was good but the faeces thin. When 



Fig. 2, Calf 489 is Lot I 

A marked improvement is noted in the calf after alfalfa hay has been fed with 
the milk for three months. 

this calf was put on hay at the beginning of the sixth period, it 
began to improve and at the end of period VII it was in good 
condition. 

•In the early part of period II, calf 502 began to chew the boards 
of the pen and to cud to a small extent. At this time it had a 
good appetite though it was thin and its hair on end. Its vitality 
kept lowering until in the early part of period V it began to bloat 
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and this eventually became habitual and caused much pain. It 
became weak in the legs, unable to rise, eventually lost all control 
of the hind quarters, and died. 



Fio. 3. Calf 498 Lot II 

Deforniation of the bones of the front legs is very evident after the feeding of 
milk and grain for five months. 
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Lot III — 7nilk and alfalfa ration. The animals in this group 
were in good thrifty condition throughout the trial and always 
maintained a sleek glossy coat. Their faeces were normal 
though alfalfa hay in this section is sometimes not the best for 
calf raising as it at times tends t»> produce scours. 



Fid. 4. CAhV 49S IN Lot II 
This sho\\s further bone debinnation 

Post-mortem examination of calf 502 in lot II 

A post-mortem examination was conducted on calf 502 imme¬ 
diately after death, by Drs. B. A. Benbrook and H. D. Bergman 
of the Veterinary Division. 

The stomach. In the stomach as a whole the mucous mem¬ 
brane, folds and papilli were all apparently normal. The muscula¬ 
ture of the wall of the rumen was not well developed. The 
rumen was about one-third undersized and distended with gas. 
The contents were dry and consisted mainly of oat hulls and 
some grain. The musculature of the wall of the reticulum was 
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not normally developed, but the compartment approached nearer 
to normal than did the rumen. The omasum was also undersized. 
The abomasum was apparently fully developed and contained 
about a quart of fluid very similar in appearance to bile and con¬ 
tained a sediment of cinders showing that a depraved appetite 
had caused the calf to cat the cinders used for bedding in the 




I 


Fig. 5. Calf 498 in Lot II 

After alfalfa hay had been added to the ration for two months, the leg hones 
of this calf came back to normal and it improved in other ways. 

latter part of the experiment. Derangement of the mechanism 
of the pylorus or hyperacidity of the stomach might explain the 
presence of the bile-like fluid in the abomasum. 

The intestine. Catarrhal enteritis was apparent throughout 
the intestinal tract. The contents of the small intestine were 
fluid and yellowish in color with small orange-yellow flaky 
bodies occurring in the fluid. This fluid was apparently largely 
secreted from the intestinal walls. The contents of the caecum 
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appeared drier than normal. The amount of faeces in the rectum 
was also small. 

The glands. The liver wa.s slightly enlarged, of lighter color 
than normal, soft, friable, and had a cloudy swelling, due to con¬ 
gestion. The gall bladder was about 4 times normal size and 
contained about 1| pints of fluid. The bile was light yellow and 
flo(*culent, instead of greenish in color, (’atarrhal infection 
caused swelling that almost entirely closed the opening of the 



Fio. 0. Calf 488 in I-. 0 T 111 

This calf raised on milk and alfalfa was always in good thrifty condition. 

bile duct into the duodenum and pressure on the gall bladder 
would force only a small amount of fluid into the duodenum. 
The wall of the gall bladder showed slight hemorrhages. 

The kidneys showed no marked changes but the urine in the 
bladder was slightly cloudy and there was a slight congestion of 
the blood vessels in the bladder w'all. 

A hyperstatic condition existed in the principal lobe and most 
of the anterior lobes in the lower border of the right side of the 
lung. The remainder of the lung tissue was edematous. 
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Hemorrhages occurred in the epicardium and endocardium and 
were especially ev'ident in the lining of the left ventricle. They 
wore due to infection. The blood vessels in the walls of the gall 
bladder, in the walls of the bladder and in the mesentery, showed 
h('morrhages due to infection and weakening of the walls of the 
blood vessels. The blood was darker than normal and slow to 
coagulate. This was due to an infection destroying the enzyme 
thrombrokinase, which enters into the clotting process. 

The spleen was enlarged, duo to desti-uetion of red blood cells 
in large quantities as the result of infection. The rapid destruc¬ 
tion of red blood cells results in greater })roduction of these cells 
in the bone marrow and consequently the bone marrow was 
slightly red instead of being the normal yellow color for a calf 
of this age. 

General. The muscles were slightly yellow and edf'inatous, 
possibly due to a leakage of blood serum. The knee and ankle 
joints appeared to be normal in both capsule and bone. The 
femur of the right hind leg was broken just below the hip joint 
and appeared to have been broken about two days before death. 
There was some hemorrhage and laceration al)out the broken 
part. The wall of the femur where broken was thinner than in 
a normal calf of the same age. A section of the raflius, just 
below the left knee was taken for a breaking test. 

Cause of dmlh. The immediate cause of death was a non¬ 
specific septicaemia arising from organisms normally jiresent in 
the bovine V)ody. Owing to the weakened coiulition of the calf 
these organisms were allowed to develop unduly. The immediate 
cau.se of death was this non-specific .septicemia which developed 
ow’ing to the lowered vitality induced by undernutrition. 

Breaking test of bone. The bone sample taken from the radius, 
just below the left knee of calf 502, was given both the breaking 
and crushing tests by Prof. J. H. Griffith of the Engineering 
Division. 

The sample of bone u.sed was O J inches long and 2,6 inches 
at its smallest circumference. Thh bone had been removed from 
the body'about a day before the breaking and crushing tests were 
made. 
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In the breaking test the bone was placed on blocks with a 
&>inch span. A f-inch bar laid crosswise sustained the force 
applied from above. The bone bent, cracked and finally broke 
with a variable load of from 190 to 640 pounds per square inch. 
The flexibility of the bone was largely due to the low content of 
ash constituents. 

In the crushing test the weight was applied on the bone 
inches from the upper articulation by means of f-inch flat 
iron bar with rounded edges. The bone crushed with a load of 
400 pounds per square inch. The bone was 3 inches in circum¬ 
ference at the crushing point, with the wall of the shaft varying 
around Js inch in thickness at the point of crushing. The bone 
shaft at this point was Ij'g inches wide and | inch thick. 

DISCUSSION OF RESULTS 

It has been shown that milk as the sole ration for calves is 
unsuitable and that a ration of milk with a grain mixture of 
com, oats, wheat bran and old-process linseed oil meal is even 
less valuable, while the addition of alfalfa hay to these two rations 
will render them quite well adapted to the needs of the growing 
calf. An explanation of the differences in the value of the rations 
is by no means easy. 

The first point to note is the amount of nutrients consumed by 
the calves. From the feed data and the analyses given by 
Henry and Morrison (48) this information was obtained and 
from the same source the actual requirements of the calv^ were 
determined as in paper V of this series. The percentage vaxiar 
tion of the amount of nutrients consumed from the requirements 
of the calves were then obtained for each thirty-day period. 

Lack of bul^ 

To prevent confusion it should be stated that there is a dis¬ 
tinction between the bulk of a feed and the dry matter it contains. 
The dry matter is simply the sum of the water-free constituents 
present, while the bulk of a ration is indicated by the wei^t of 
the feed which will fill a given unit of volume. Tbus 100 potmds 
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D* N., Digestible nutrients. 

Cf* P., Crude protein. 

C. E., Carbohydrate equivalent. 



OBOWTH AND NUTEITION OP DAIBY CALVES 


365 


ci corn and 100 pounds of alfalfa hay are of the same weight but 
the corn occupies considerably less space than the hay and so the 
alfalfa hay is classed as a bulky feed. 

The calves in lot I had an oversupply of digestible nutrients 
until the end of period V in the case of calf 479 and until the end 
of period III with calf 489. At those times the supplies of 
nutrients became deficient and continued to be so imtil alfalfa 
was added to the ration, even though the calves were receiving 
all the milk they could handle. The excess of nutrients that was 
at first supplied decreased gradually whOe the excess of dry 
matter decreased more rapidly and at an early stage in the experi¬ 
ment too little dry matter was being allowed, when milk alone 
was fed.. As alfalfa was added to the ration the deficiency in 
the supply of dry matter gradually decreased and when the calves 
had come back into good condition the dry matter deficiency 
was rapidly disappearing. In other words, the bulky hay appar¬ 
ently aided in the recovery of the calves, in lot I, due to the fact 
that the additional bulk helped to expand the rumen and other 
portions of the digestive tract and render the calves capable of 
handling the nutrients with which they were provided. This 
necessary bulk was not present when the sole ration of the calves 
was milk. 

It should be noted that calf 479 was always behind normal 
in live weight increase, but after alfalfa was added to the ration 
it came nearer to normal. Calf 489 was above normal at the 
start but decreased relatively in live weight until alfalfa was 
added in period VI when it started to increase rapidly in live 
weight and at and end of the trial w'as above normal. 

In lot II where milk and grain were fed there were only a 
few times at which the supply of dry matter was deficient. There 
was a slight deficiency in the last period for calf 498 and in the 
first period for calf 502. The dry matter these calves received 
was not of a bulky character and calf 502 died in period V, al¬ 
though it had an ample supply of nutrients throiighout the trial. 

In the case of calf 498 the fiur excess of nutrients available at 
the start decreased irregularly until in period V there was an 
excess of only 1 per cent of matter in the ration. Alfalfa 
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hay was then added and there was a great increase in digestible 
crude protein and also in other nutrients. The amount of 
dry matter was also increased though it went below the require¬ 
ments in the last period, perhaps due to increasing capacity on the 
part of the calf. 

The calf 502 was always below normal in live weight increase 
while the calf 498 maintained a good rate of increase for a time 
but dropped below normal in period V and then on the addition 
of alfalfa hay increased in live weight in a manner more nearly 
normal. 

Evidently the addition of the grain mixture to the milk ration 
not only did not provide sufficient bulk but it had other bad 
effects as the calves did not do as well as those on milk alone. 
The addition of a bulky feed produced good results, however. 

The calves in lot III were provided with plenty of bulk and, 
with but one exception, with plenty of dry matter, as they had a 
ration of milk and alfalfa hay from the start. In the rate of 
live weight increase they kept well ahead of the normal calves. 

Thus far the data presented would indicate that the presence 
of sufficient bulk in the ration is absolutely necessary for young 
growing calves. 


Quality of aeh 

The quantity and the quality of the ash fed in the ration to 
animals has a considerable influence on the ultimate benefit of 
the feed to the animal and one of the important factors to note is 
the calcium-magnesium ratio in the rations of the various groups. 
For the determination of this ratio the figures on the lime and 
magnesia contents of feeds given by Henry and Morrison (48) 
are used. 

In considering the ratio of the lime (CaO) to magnesia (MgO) 
in the rations, the lime content is taken as unity. It was found 
in the case of lot I that the ratio was 1:0.1, or in other words, 
there was 10 times as much lime as magnesia in the ration when 
milk done was fed. When alfalfa hay was added the ratio 
changed to 1:0.2 or 1:0.3, or in other words, there was 6 to 3 
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times as much lime as magnesia. In lot III the ratios foimd were 
very similar in some respects to those in the later periods for lot 
I, the ratio being generally 1:0.2 or 1:0.3. 

With lot II the lime-magnesia ratio changed to 1:0.4 in the 
case of calf 602 just before its death and to 1:0.6 for calf 498 in 
period V. At this time calf 498 cut its grain consumption con- 
sideraWy and in the next period the ratio was 1:0.4, while in 
the following period it was back to 1:0.3 on the addition of 
alfalfa hay to the ration. 

TlKse results appear to be in accord with those of Forbes (43). 
When an excess of magnesium in proportion to the calcium is 
provided, the excess of magnesium is removed by a counterac¬ 
tive liberation of calcium from the tissue.s, especially the bone. 


TABLE 4S 

Lime and m^guesm per 1000 pounds of feed. After Henry and }forrison (4S) 


1 

FKEJ> 

Milk* 

Corn 

o»t8 ! 

1 Bran 

Oil meal 

Alfalfa hay 


pounds 

pouiith 1 

jkvthdn 

1 pounds 

pountU 

pounds 

Lime. 

1 8 

0 2 

1 4 

0 9 

5 1 

19 5 

Magnesia. 

0 2 

1 8 

2 0 

7.3 

8 1 

0 9 


* Taken to he the same as in skim milk. 


and this may lead to malformation of the bones, especially of 
the legs. Such malformations of the legs were quite noticeable 
in the case of calf 498 before alfalfa was added to the ration 
(figs. 3 and 4), but on its addition the bones of the legs showed 
marked improvement (fig. 5). This would indicate that a ration 
of milk and the grains used Is not only deficient in bulk but also 
lacks the proper balance of lime and magnesia in the ash and is 
even less suited for growing calves than a ration of milk alone. 

Vitcmine supply 

Another very important factor so far as the nutrition of the 
calves in this study is concerned is the supply of vitamines, as 
there is a possibility that the calves might not have been pro\ided 
with sulRcient of than. 
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LOT III 

Ratio 

Calf 

495 

M Cl CO CO 

o o o o o 

Calf 

488 

0 1 

0 2 

0 2 

0 3 

0 3 

0 3 

Magnesia 

Calf 

495 

0 11 

0 30 

0 66 

1 08 

1 39 

Calf 

488 

0 06 

0 25 

0 52 

1 18 

1 65 

1 94 

Lime 


r; § s 2 

O 1—1 " 1 -(t- «lC 

Calf 

488 

O CO Q O 
»A CO '‘1 ^ 

O 1-H Cl lO CO 

lOTII 

Ratio 


»-i Cl CO 

o o o c 


0 1 

0 1 

0 3 

0 5 

0 6 

0 1 

0 3 

os 

1 

B 

Calf 

502 

o o o o 

(3® 

2£* CD lO !>- ^1 ^ 

O C ' 1 CO CD QC 

O O O O O © O 

o 

S 

•—1 

Calf 

502 

© © CO CD 

CO -JH lO o 

o o o © 


© ^ CO © ^1 

CO O ^ O I"- CD 

o © © © © (M 

LOTI 

Ratio 


«r-lCOCO j 

©o©oo©©© ' 

. 1 

Calf 

479 

oo©ooooo© 1 

1 

C8 

i 

a 

M 

JS 

Calf 

489 

0 07 

0 10 

0 12 

0 13 

0 13 

0 27 

1 01 

1 33 

Calf 

479 

©©©©©oooo 1 


Calf 

489 

0 60 

0 88 

1 OS 

1 13 

1 13 

2 01 

4 04 

5 11 



0 63 

0 81 

0 87 

0 97 

1 13 

1 13 

1 13 

2 81 

3 49 
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In considering all lots it may be said that butterfat is still 
regarded as the most important source of fat-soluble A and this 
is clearly demonstrated in the compilation of Blunt and Wang 
(34). It may be allowed therefore that the calves had sufficient 
of this vitamine. 

Milk is not too rich in water-soluble B according to Osborne, 
Mendel, Ferry and Wakeman (50) but there should have been 
sufficient of it present to carry the various groups in good condi¬ 
tion. It is perhaps also true that the water-soluble C present 
may have been sufficient according to Chick, Hume, Shelton 
and Smith (37 and 38). 

When the other feeds in addition to milk are considered it is 
noted that the yellow corn fed to lot II contained fat-soluble A 
according to Steenbock and Boutwell (53), although this was 
already present in the milk. The cereals provided would also 
furnish the calves with additional water-soluble B according to 
Osborne and Alendel (49) but the bran would be of no value in 
this respect according to Briggs (32). The oats and other grains 
would not add any water-soluble C according to Harden and 
Zilva (44). As a consequence, therefore, lot II was probably 
provided with more fat-soluble A and water-soluble B than 
lot 1 but they did not do as well and so the deficiencies of milk as 
the ration of lot I cannot be attributed entirely to the lack of 
these vitamines. 

In the third lot alfalfa hay was fed in addition to the milk and 
these calves did well and the animals in lots I and II, which had 
reached a verj" low degree of vitality, recovered when alfalfa 
was fed. Alfalfa contains fat-soluble A according to Steenbock 
and Boutwell (53) but this was already present in the milk. 
Water-soluble B occurs in considerable amounts in immature 
alfalfa but in less amounts when it is mature as has been stated 
by Osborne and Mendel (49) and undoubtedly much of this is 
lost in haymaking and storage and so it is doubtful if the alfalfa 
improved the ration so far as water-soluble B is concerned. 

Alfalfa also contains water-soluble C but Chick, Hume, Shelton 
and Smith (38) and Delf and Shelton (40) state that when the 
living tissues are disorganized by drying the water-soluble C 
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is destroyed. Consequently the alfalfa hay would apparently 
be of little value to the calves as a source of this vitamine. The 
alfalfa hay was the feed which produced the greatest growth and 
brought the calves that were below normal back to normal and 
yet it would appear that this was not entirely due to any vita- 
mines which it might supplj\ 

From the results obtained in this work it would appear that 
though milk is a poor ration for calves after they are a few weeks 
old, the addition of a grain naixture such as that used will give even 
poorer results. On the other hand, the feeding of alfalfa gave 
good results. 

It would appear that the benefits of alfalfa do not lie entirely 
in the provision of more nutrients or in improving the vit^ine 
supply. The alfalfa provides bulk which keeps the digestive 
tract of the calf distendeil and in proper condition for the handling 
of feed. The grain u.sed produced bad effects bj’ increasing the 
relative amount of magnesium as compared with calcium in the 
ration. 

SUMMARY 

From the w'ork reported here it would appear that the follow¬ 
ing deductions are possible: 

1. Milk though a suitable ration for young calves cannot 
maintain ruminants indefinitely. 

2. The addition of a grain mixture of corn, oats, bran and oil 
meal to a ration consisting solely of milk impairs the growth of 
the calves and leads to death even more rapidly than a ration of 
milk only. 

3. The cause of the earlier death on the addition of the grains 
is probably due to the depletion of the body stores of calcium due 
to the fact that the grains contain more magnesium than calcium 
and calcium must consequently be drawn from the body, espe¬ 
cially the bones, to take care of this excess of magnesium. 

4. The addition of alfalfa hay to a ration of milk or of milk, 
corn, oats, bran and oil meal will'bring back to good growing 
condition Animals which have fallen to a low place of nutrition 
on the rations mentioned. 
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5. Milk and alfalfa hay can be used to grow out calves 
satisfactorily. 

G. The beneficial effects of the alfalfa hay are apparently not 
due absolutely to the nutrients it supplies as an abundance of 
nutrients had been provided in the other experimental rations. 

7. It is apparently not probable that the alfalfa hay adds in 
appreciable amounts vitamines which might have been ab.scnt 
from the other rations used. 

8. Where alfalfa is added to a ration of milk and the grain 
mixture used, it would appear that part of the beneficial effect of 
the alfalfa is due to the fact that it inomses the calcium content 
as compared to the magnesium content of the ration and thus 
conserves the calcium stores of the body. 

9. The main advantage derived from the alfalfa hay seems to 
be due to the fact that this feed, being bulky in character, helps 
to distend the dige.stive tract of the calf and so renders proper 
digestion po.s.sible. 
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DAIRY NOTES 


Pennsylvania. J. R. Dawson, who has been extension dairyman 
at the Pennsylvania State College, has recently resigned to accept a 
position with the United States Department of Agriculture. 

Indiana. R. D. Canan, who has been field man for the American 
Jersey Cattle Club at Indianapolis, has recently resigned to take up 
dairy extension w’ork in Indiana. 

Tennessee. J. J. Hooper, chairman of the Committee on Students 
Dairy Cattle Judging Contests, Southern Division American Dairy 
Science Association, reports the establishment of a dairy cattle judging 
contest for the Agricultural Colleges of the South to be held in connec¬ 
tion with the Tri-State Fair at Memphis, Monday, September 24, 1923. 

Rules and r(‘gulations to govern the contest will be the same as those 
governing the National C'ontest. Premiums will consist of handsome 
trophies for (1) team ranking highest in all breeds, (2) highest on Jerseys, 
(3) highest on Holsteins, (4) highest on Guernseys. Gold medals will 
be awarded the individuals ranking highest in these four places. 

ANNUAL MEETING OF THE SOT^TIIERN DIVISION, AMERICAN DAIRY 
SCIENCE ASSOCIATION 

The second annual meeting of the Southern Division, American Dairy 
Science Association was held at Chisca Hotel, Memphis, Tenn., Febru¬ 
ary 7, 1923, and was called to order by President C. W. Holdaway of 
Virginia at 2:00 p.in., and the minutes of the previous meeting were 
read and accepted. 

Professor Holdaway in his address briefly outlined the history of the 
association, the development of its divisions, and the pailicular problems 
confronting the Southern Division workers, stressing the need of 
specialized dairy instruction in southern schools. 

A discussion of stock judging w^as led by Dan T. Gray, director of 
Animal Industry, Auburn, Ala., w^ho emphasized the need of standardi¬ 
zation of methods and the value of pedigrees. On motion of J. A. 
Gamble, presiding officer E. S. Good was instructed to appoint a com¬ 
mittee to study this matter and report its findings at the meeting next 
year. 
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J. H. McClain dealt briefly with the dairy problems peculiar to the 
South, especially the production of quality butter against which no 
discrimination will be made in northern markets. He urged the im¬ 
portance of increased production through better feeding and breeding, 
and suggested research work to detennine just how impotency of sires 
brought down from the North can be overcome. 

Stanley Combs proposed the appointment of a committee to study 
the influence of feeds on butter texture, and suggested a combination of 
cottonseed meal and soybeans to overcome common defects of southern 
butter. He further emphasized the need for increased consumption of 
milk by children of the South and the importance of home-mixed vs. 
ready-mixed rations for dairy cattle. 

For better marketing Mr. Combs suggested that some commission 
house be induced to specialize in handling southern butter. Professor 
Dvorachek of Arkansas cited that staters experience in securing better 
butter through a system of cream grading whereby a premium was paid 
for the better grades of cream. C. A. Hutton of Tennessee endorsed this 
system and said that when farmers are convinced that southern butter 
can be good and will take care in handling their milk and cream, good 
butter will automatically result. 

R. S. Curtis of Raleigh, N. C., then summarized his findings on the 
coordination of teaching, experimental and extension work in the South. 
A, 0. Jamison discussed rational milk control, pointing out that pasteuri¬ 
zation is a godsend to the dairy industry. Factors affecting the 
official butterfat tests of cows were presented by C. E. Wylie and aroused 
considerable comment. This paper is found in full on page 292 of this 
issue. 

Results of experimental work to note the effect of cottonseed meal 
upon the growth and reproduction of cows were given by Professor 
Combs. This paper will be submitted for publication in a later issue. 

C. E. Wylie, chairman of the Committee on Feeding, presented a 
report recommending (1) a careful study of the pasture situation and the 
introduction and development of the best pasture grasses for southern 
conditions, (2) experiments to determine the value of silage in the 
South, (3) attention to proper housing and management of dairy cattle, 
(4) further study of the relation of feeds to production of good butter. 

''Dairy Statistics of the Southern States and Their Significance to the 
Dairj^ Industry of the United States,” was the topic of a report read by 
R. C. Potts of the Bureau of Markets, United States Department of 
Agriculture; and G. P, Warber, Virginia Polytechnic Institute, Blacks- 
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burg, Va., presented a paper on “Rational Control of Fluid Milk 
Supply of Cities.” 

By-laws governing the Southern Division were adopted, and resolu¬ 
tions passed recognizing the importance of livestock to profitable 
southern agriculture both through increased production due to restora¬ 
tion of fertility to the soil and through direct revenue from products 
sold; and hearty support of efforts to solve southern probems of produc¬ 
tion and marketing was urged. 

The following officers wer(‘ elected,: Chairman, C. E. Wylie, Knoxville, 
Tennessee; Vice-chairman, J. P. LaMaster, Clemson College, South 
Carolina; Secretarj', J. A. Gamble, College Park, Maryland. 




THE WORLD’S DAIRY CONGRESS 

n. E. VAN NORMAN 

PreBidentj World's Dairy Congress Assodaiion^ Washington^ D, C. 

Received for publication July 7, 1923 

The World’s Dairy Congress is to be a conference of inter¬ 
national representatives of the dairy industry, its related sciences 
and public health and social welfare agencies. Its purpose 
is to bring together the forward-looking leaders who are shaping 
the trend of science and industry; to exchange the newer knowl¬ 
edge of the science and practices of dairying and aUied activities; 
to study the economic forces which influence domestic and inter¬ 
national commerce in dairy animals, products and equipment; 
to discuss methods of disease prevention and of regulating and 
controlling the sanitation and standards of dairy products; to 
consider the influence of a wise use of milk and its products on 
national health and the vital importance of the part which they 
play in hmnan physical and mental development. 

Acting under the authorization of a law of March 3,1921, the 
President of the United States has invited all Governments to 
send representatives to the sessions and, in addition, the World’s 
Dairy Congress Association has invited institutions, firms and 
associations of this and other lands to send delegates and has 
asked the Governors of all the States of the Union to attend the 
sessions and appoint commissions to represent their dairy and 
allied interests. The Congress will hold its opening sessions at 
Washington, D. C., on October 2 and 3, adjourn to Philadelphia, 
Pa., for October 4 and continue at Syracuse, N. Y., from October 
5 to 10. 

The dairy industry is passing through a transitional period. 
The war and the after-war conditions have forced it into a 
world readjustment. The shift in international dairy trade and 
the struggle to regain pre-war business have made the problems 
of the industry world problems. While damming up the nor¬ 
mal flow of international scientific information, the war resulted 
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in many new discoveries, particularly in the principles of human 
nutrition. The World’s Dairy Congress offers an opportunity 
to bring these facts to the attention of all nations through dis¬ 
cussion by scientists, welfare workers and business men. 

Progress in all countries and in all industries is stimulated by 
the exchange of experience and information. Attendants will 
derive much benefit from personal contact jvith the leaders from 
other nations, whose problems are similar to their own, as well 
as by attending the formal sessions. Each country has something 
to contribute, each has something to gain. 

The men in all countries, who have made outstanding contri¬ 
butions to the science or business methods of dairying or to 
public health work through the use of dairy products, have been 
invited to participate in the program of the World’s Dairy 
Congress. Acceptances indicate that the most pressing problems 
in research, regulation, economics and use of dairy products, now 
confronting the industry and society, will be thoroughly con¬ 
sidered in this program and that the most important achieve¬ 
ments of the last ten years will be presented for the service of the 
whole world. 

The program for the World’s Dairy Congress will include about 
two hundred papers well distributed among the various branches 
of the industry. Since it will be impossible to present all of 
these papers to the entire Congress in the time available, it will be 
necessary to hold at least four simultaneous sessions daily. The 
two days in Washington will be devoted to general sessions at 
which will be discussed questions of general interest, particularly 
international trade and the general world development of the 
industry and its relation to human welfare. 

Abstracts of all papers submitted early enough will be available 
to delegates in English, French, German or Spanish at the time 
of registration. Discussions may be in any one of the four 
languages at the Congress sessions and interpreters will translate 
what is said. The program has been arranged to interest the 
following groups: 

I. Research and Education—teachers, investigators, officials, 
engineers and other technical men, interested in the solution of 
dairy problems. 
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II. Industry and Economics—men engaged in breeding dairy 
cattle and in producing, manufacturing, exporting, importing, 
storing and distributing dairy products and equipment. 

III. Regulation and Control—national, state, municipal and 
private officials, concerned with standards, adulteration, sanita¬ 
tion and animal disease control. 

IV. National Health—public health and nutrition workers, 
philanthropists, social welfare workers, and students of the 
influence of diet on the health and vigor of all nations. 

At Washington, D. C., foreign delegates will be formally 
received by Government officials and greeted by American dairy 
scientists and leaders. The opening sessions will include dis¬ 
cussions of some of the most interesting papers of the program, 
especially those dealing with the broadest international topics— 
scientific, economic and humanitarian—^with addresses by men 
of world-wide reputation. A reception, a dinner and visits to 
research laboratories, public buildings and historic places will be 
a few of the activities in this city. 

At Philadelphia, Pa., a full day will be devoted to a complete 
display by the National Dairy Council of its methods and results 
in promoting health by the proper use of milk and its products. 
An opportunity will be given to visit manufactiuing and milk- 
distributing plants and places of historic interest. In the 
evening there will be a banquet with speakers of international 
reputation and an original program by the National Dairy 
Council. 

At Syracuse, papers relative to particular subjects will be 
presented at group meetings each forenoon. The papers will be 
grouped, as far as possible, to bring together those on related 
subjects. Thus, there will be one session devoted to breeding, 
one to feeding problems, one or more to the chemistry and 
bacteriology of cheese, at least two to cooperative marketing 
problems, one or more to transportation and other problems of 
the city milk dealer, and many other similar groups. 

The program has been planned to present the status of the 
dairy industry of the world as it exists today. The great diver¬ 
sity of subjects, which must he included to cover all the varied 
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ramifications produced by the rapid development of the last few 
decades, will require two radical departures from the programs of 
preceding congresses. 

An entirely new section will be devoted to the part played by 
milk and its products in promoting the health of the people. Two 
phases of this subject will be presented. One of these will con¬ 
sist of the recent advances in the science of nutrition, particularly 
where that science deals with the peculiar characteristics which 
make milk important in promoting growth and vigor. The other 
phase will consist of ways and means of conveying this informa¬ 
tion to the public. 

The second departure from preceding programs will consist 
in the attention to be devoted to national and international 
economic and trade problems. One session will be devoted to a 
discussion by prominent economists of questions of international 
trade in dairy products and the relation of business conditions in 
general to the dairy industry. The program will include numer¬ 
ous papers on the technical questions involved in the manufacture 
of dairy products. It will also give particular attention to 
questions interesting those who produce, buy, sell and manufac- 
tme dairy products and equipment used in the dairy industry 
and to economic questions connected with the movement of 
dairy products in international trade and involved in the relation 
of world conditions to prices. 

Because of the very general interest, considerable time will be 
devoted to papers on cooperative organizations, particularly 
organizations formed by producers to sell products. These 
papers will deal largely with the principles which are' essential 
to success and the defects which have been the cause of friction. 
Delegates from coimtries in which cobperative marketing has 
been highly developed will take part in this section of the 
program. 

The problems of the city milk dealers will be discussed in a 
series of papers by authorities fron^ different parts of the world 
on transportation, distribution and other pertinent questions, 
such as the development of bulk transportation of dairy products 
by tank car and truck. The adjustment of prices and the 
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factors which determine cost of production will be considered. 
The manufacturers of dairy equipment will be interested in a 
group of papers on the selection of materials for dairy machinery 
and utensils and the standardization of equipment and containers. 

The part of the program devoted to Regulation and Control 
will include discussions of the administration of laws, safeguarding 
the producer and the consumer of milk and milk products from 
fraud and infection by disease bacteria. Measures used by the 
industry itself for the improvement of the milk supply will be 
considered. 

In general, papers will deal with the broader aspects of dairy 
problems; but technical papers of special interest to the investi¬ 
gator and teacher will be added. A general outline of the system 
of agricultural education and investigation in the United States 
will be presented and detailed attention will be given to methods 
of dairy education by authoritative speakers from the leading 
dairy countries. 

In the section on Research and Education, will be included a 
collection of papers on the physiology of milk secretion and the 
chemistry of milk, summarizing the world’s knowledge of these 
subjects. A number of the most active of the investigators 
of these problems will take part. Some problems of the breeder 
will be presented by prominent investigators. The diseases of 
dairy cattle will be considered in a symposium on the more 
serious ones. A number of prominent bacteriologists will 
discass the group of bacteria of importance in dairying. 



A COMPARISON OF EARLY, MEDIUM AND LATE 
MATURING VARIETIES OF SILAGE CORN 
FOR MILK PRODUCTION 
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The results of the first trial having been reported (1), interest 
in the work seems to warrant the publication of the data obtained 
in the second year, together with averages of both. A third 
trial is being run on the same plan. As stated in the first paper, 
the problem of the northern daiiyman is not one of date of 
harvesting, or proper stage of maturity for a given variety, but 
the selection of a type or variety which will make the most 
milk per acre. It seems to be accepted that steers will not make 
the most profitable gains on immature silage, but for milk pro¬ 
duction this is an open question. 

Chemical analysis easily establishes that 100 pounds of mature 
com silage contains more total nutrients than the same weight 
of silage made from immature com. Also several careful in¬ 
vestigations, notably that of the Indiana Experiment Station 
(2), have given us data on the rate of increase in dry matter 
and the various constituents up to maturity for a given variety 
or type; so that so far as date of harvest for maximum yield of 
dry matter is concerned, the question is settled. 

However, nine years of field tests at this station have proven 
that large growing, late maturing varieties will produce more 
dry matter per acre, even when harvested very immature, than 
varieties that mature in this region. The question then arises: 
"Is the greater theoretical feeding value per Um of the early 
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types, sufficient to offset the greater yield of dry matter per 
acre of the late types?” It is this question that these feeding 
trials are designed to answer. 

EXPEKIMENTAL PBOCEDUKE 

The second feeding trial was carried on in the same manner 
as the first, there being four cows in each group, with the excep¬ 
tion of the medium, which includes only three. All animals 
were fed the same amounts of silage (50 pounds, except one 
animal in each of the Early and Late Groups) the grain being 
varied to maintain constant weight. Six pounds of hay per cow 
per day were fed this year instead of four as in the first trial. 
This hay was purchased on the market and was a mixed grade, 
largely timothy. All feeds were sampled and analyzed in the 
same manner as described in the previous paper. No unusual 
conditions arose during the actual experimental period of one 
hundred days. The preliminary feeding started on January 11, 
with regular herd silage. Experimental silage was started Jan¬ 
uary 31, and the one hundred day period was begun February 20. 

Notes on animals and feeding 

As far as possible the same cows were used as in the previous 
trial, except that they were changed to other groups. Thus 
Fusion, Colony and V. J. Storrs were changed from late to 
early. I likewise Pansy and Fruition here in the late group were 
previously in the early, while Storrs Robin 2d came from the 
medium group of last year to the late of this. Simple alone 
remained in her original group—medium. Grades 257, 258, 259, 
and 260 were purchased as springers a short time prior to this 
trial for this specific purpose. 

Fusion was in quite good condition when she calved and 
because of her milking tendency it was necessary to allow a 
considerable loss in weight (56 pounds). On the whole, the 
individuals balanced satisfactorily. The weights were con¬ 
trolled as described in the previous report. 
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All COWS except V. J. Storrs and Storrs Robin 2d were fed 
60 pounds of silage daily. These two were fed 40 pounds daily. 
Fruition, in the late group, was off feed for a few days early 
in the experiment. All cows ate within less than a pound per 
day of their silage allowance for the one hundred days. The 
hay was eaten clean from one feeding at noon. By feeding 
grain to keep the weight constant, the appetite of all cows re¬ 
mained remarkably good, no trouble resulting after the experi¬ 
ment was under way. The grain ration as before consisted of 
three parts yellow corn meal (no. 2), three parts wheat bran, 
and two parts cottonseed meal (36 per cent). 

The medium group in both the first and present trials was not 
balanced as closely in weight and milk production with the 
other two groups as would be desirable. Emphasis was placed 
on the two extremes and the remaining animals were placed in 
the medium silage. In the third trial the medium (Learning) 
silage has an equal opportunity. 

THE TYPES OF SILAGE CORN 

The same three varieties were used as in the first trial, these 
being chosen as best representing the three types we desired to 
compare. They were all planted on-the same day, May 26, 
1921, in adjacent plots and harvested on three consecutive days 
before frost, September 16 to 20. They were grown in a twenty- 
two acre field regularly devoted to raising crops for the dairy herd. 
To answer questions regarding these varieties the following data 
is given: 

Early type. A strain of “Pride of the North,” originally 
secured from Cornell Station and grown at Storrs for twelve 
years. Ripens at Storrs in one hundred and thirty days. 

Medium type. A strain of “Learning,” seed for which is 
secured each year from the same grower in Clark County, Ohio. 
Ripens in one himdred and forty days at Storrs. Our season 
is seldom long enough for it to ripep. 

Late type. “Eureka,” a very large growing white corn, seed 
for which is secured each year from the same source in Virginia. 
Has seldom reached dent stage at Storrs. 
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Table 1 gives the data on the corn as grown in 1921 for this 
trial, and table 2 the average results obtained for these varieties 
on the test plots over a period of years. 


TABLE 1 

Data on silage as harvested—second trial 1922 {corn grown in 1021) 
All planted and harvested at the same time 


TTPl 

irrAOB OF MATUBITT 

PER CRtfT OF TOTAL GREEN WEIGHT 

ACTUAL 
YIELDS PBB 
ACRE AS 
GROWN 
POR 

FEEDING 

TRIAI. 

j 

1 

St 

matter 

JS 

aa 

,0.95 
,1 07 
1.00; 

*o5 

0 

u 

p. 

a> 

•§ 

0 

\2 60' 
'l.2G| 

Crude fiber 

z 

£ 

Early.. 
Medium 

Late. 

Ripe, husks drying 
Soft dough 

Early milk 

66.19 
j73 7?; 

177 29 

■ 1 

1 

.33.81I 

26 23, 
22 71' 

5 56 
is 93 

6.66 

1 1 

23.41 

il6.89 

'l3.50i 

1 i 

1.00 

0.63 

!o.29I 

1 1 

tom 

12 4 
16.4 

21 2 


All the corn grown in 1921 for this trial (table 1) shows less 
water than the average composition (table 2). The season was 
longer and the silos were not tilled as early as usual. Note that 
they all show greater maturity. 


TABLE 2 

Averages of sei^eral tests on these varieties 


All planted and harvested at the same time 


TTP* 

STAGE or MATURITY 

WATER 

YIELD PER Al'RK 

Green weights 

Dry 

matter 

Early. 

Hard dough 

per cent 

73.80 

paunh 

24,774 (12.4T.) 

pounds 

6491 

Medium. 

Soft dough 

78 09 

32,947 (16.5T.) 

7218 

Late. 

Kernels forming 

80.16 

40,648 (20.3T.) 

8064 






TABLE S 

Analysis of feeds as fed—second trial, 19B$ 



WATBB 

DBT 

ICAITXJI 

ABB 

CBtTPD 

PRO- 

TBXN 

CBtfDB 

riBBB 

HB 

FAT 


per cent 

per cent 

per cent 

per cent 

per cent 

percent 

per cent 

Timothy hay. 


96.98 

4.75 

6.81 

28.84 

53.81 

2.77 

Grain. 



4.60 

17.44 

8.09 

56.36 

4.97 

Early silage. 

\ 68.36 

31.63 

1.26 


6.59 



Medium silage. 



1.23 

1.75 

6.91 

15.30 


Late silage. 

79.76 1 

! 20.23 1 

1.14 

1.41 

6.35 




{>rain is not so high in water this year. Corn was kiln-dried on day of grind¬ 
ing and mixing. 

The per cent of water is greater in the silage than in the green corn as cut in, 
due to the fermentation, one product of which is water. 

TABLE 4 

Data concerning experimental cows—second trial, 1992 
One hundred days—February 20 to May 30—experimental. 

Forty-one days—January 11 to February 20—preliminary. 



Fusion 

P. B. Hoi. 

yeare 

5 

12/22/21 

5/18/22i 

1405 

13491378 

1344 

5/26 

-56 

258 

Or. Hoi. 

10 

11/26/21 

3/19/22j 

1127 

11201135 

1149 

4/9 

- 7 

Colony 

Gr, Hoi. 

5 

12/17/21 

3/ 3/22 

1117 

11531144 

1169 

4/17 

+36 

V. J. Storrs 

P. B. Jer. 

' i 

|11/ 6/21 


903 

896| 906 

913 

4/2 

- 7 


Medium group 


257 

1 Gr. Hoi. 

9 

11/20/21 

3/31/22 

10011 976 

990 

974 

5/29 

-25 

259 

Gr. Hoi. 

7 

12/ 4/21 

3/12/22j 

1068'l087j 

1077 

1087 

5/30! 

+29 

Simple 

P. B. Guer. 

10 

11/ 2/21 

3/ 4/22 

1024 986 

1010 

981 

5/26| 

-38 


Late group 


Pansy 

P. B. Hoi. 

8 

1/ 5/22 

5/20/22 

1090 

1131 

1113 

1131 

6/30 

+41 

Fruition 

P. B. Hoi. 


1 / 17 / 22 ; 

'3/29/22 

1192 

1171 

1169 

1143 

3/31 

-21 

260 

Gr. Hoi. 

6 

12/31/21 

2/27/22 

1095 

1097 

1096 

1080 

6/6 

+ 2 

S. Robin 2d 

P. B. Jer. 

9 

11/19/21 

1/2II22 

915 

901 

908 

890 

b/n 

-14 
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TABLE 6 

Average daily consumption of feed per cowsecond trials 192B 


OBOUl' 

ORA IN 

SILAGE 

BAT 

total 

DRT 

MATTER 

1 

1 

Protein 

Dry matter 

1 

0 

a 

< 

Protein 

Dry matter 

Amount 

Protein 

1 

OB 

a 

Early. 

Medium. 

Late. 

pouni$ 

7.313 

7.161 

8.622 

]>0undt| 

1.271 

1.245 

1 . 499 ! 

1 


pound* 

47.468 

49.885 

46.696 

1 

pound* 

15.015 

12.422 

9.449 

1 


pound* 

5.816 

5.813 

5.819 

pound* 

27.515 

124.781 

123.148 


TABLE 6 

Average daily production per cow—second trials 192£ 


GROUP 

milk 

PAT 

TOTAL 

SOLIDS 

M 11 .K 

COMPUTED 

TO 

12 PERCENT 
SOUDS 

TOTAL 
SOLIDS IN 
MILK 


pound* 

pouufi* 

pound* 

pound* 

per cent 

Early. 

25.546 

0.8929 

3.0406 

25.354 

11.91 

Medium. 



2.6075 


12.58 

Late. 

22.327 


2.6942 

22.457 

HEH 


RESULTS FOR BOTH TRL\LS 

Both trials were run on the same plan—that is, silage was 
fed in the same quantity for each group. In order to average 
the results of both, the data for the first trial has been arranged 
in the same manner as in Table 7. 

Tables 7 and 8 give a chance for comparison of the two years 
results. They are consistent. The less dry matter required 
for 100 pounds of milk in the first trial is partly due to the larger 
yields of milk the first year. The yields for one hundred days 
for the two years per cow follow: Early—2828.2 pounds in 1921, 
and 2564.6 pounds in 1922; medium—2293.8 pounds in 1921, 
and 2072.8 pounds in 1922; late—2920.6 pounds in 1921, and 
2232.7 pounds in 1922. The difference in yields was due mostly 
to the particular character of the cows, the grades which were 
purchased not being in so good condition at calving time. 
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TABLE 7 

Pounds feed and dry matter consumed—second trials 19St 
Per 100 pounds of milk 


oaoup 

SBPABA.TX FBKDfl—MILK AA PBODCCBD 

TOTAl. DBT MATTBB PBB 
100 POUNDS MXLB 

Silage 

Grain 

Bay 

As 

pro¬ 

duced 

Milk of 
12 per 
cent 
solids 
content 
(1) 

With 
adjust¬ 
ments for 
weight 
and 

12 per 
<*entmilk 

C2) 

Total 

1 

Dry 

matter 

Total 

Dry 

matter 

Total 

Dry 

matter 

Early. 

185.81 

66.20 

28.941 

26.452 

23.475 

22.766 

115.42 

116.29 

116.29 

Medium. 

240.66 

59.92 

34.280 

31.330 

28.920 

28.050 

1119.30 

113.80 

116.71 

Late. 

209.15 

43.31 

39.597 

36.190 

26.870 

26.060 

104.56 

103.95 

105.19 


(1) The milk varied slightly in total solids, with the three groups. The total 
solids produced is used and the dry matter in feed is computed in this column to 
the amount that would have been required for 100 pounds of 12 per cent milk 
in each group. 

(2) There were differences among the average weights by groups, the Early weigh¬ 
ing most, the Late next and the Medium least. Coefficients of digestibility from 
Henry and Morrison (table 2) were applied to the analyses of feeds as fed (table 3, 
this manuscript), maintenance requirements were calculated from the Henry- 
Morrison modified standards and expressed in terms of dry matter. These 
adjustments, together with those for milk quality, were applied in computing 
the last column. Thus the three groups are'placed on as uniform a basis as 
possible. 


TABLE 8 

Pounds of feed and dry matter consumed—first trials 1921 
Per 100 pounds of milk 


OBOUP 

8EPABA.TB FBKDS—MILK AS PBODUCBO 

total DBT MATTBB PEB 
100 POUNDS or MILK 

Silage 

Grain 

Hay 

As 

Milk of 
12 per 
cent 
solids 
content 

With 
adjnpt' 
ments for 
weight 
and 

12 per 
cent milk 

Total 

Dry 

matter 

Total 

Dry 

matter 

Total 

Dry 

matter 

Early. 

159.00 

12 


31 .'27 

14.14 

13.54 

85.74 

81.33 



199.01 


35.816 

31.64 



98.39 

86.74 


Late. 

155.92 

mm 

39.780 

35.14 

13.70 

13.12 

78.56 

76.62 
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The yields per pound of grain fed are illustrated as follows: 
early—2.84 pounds in 1921, and 3.49 pounds in 1922; medium— 
2.76 pounds in 1921, and 2.89 pounds in 1922; late—2.64 pounds 
in 1921, and 2.59 pounds in 1922. This milk increase per unit 
of grain is greatest in the early group. It should be recalled 
that the silage in 1922 was more mature for each variety and 
more especially the early, which contained 5.9 pounds less water 
per 100 pounds silage in 1922. Also the additional amount of 
hay (200 pounds per cowO must have effected a saving in grain. 
Had the yields of milk for the two years been the same, the 
value of the additional hay and slightly richer silage would 
doubtless have been more apparent in the medium and late 


TABLE 8 

First and second trials combined to show relative efficiency of the silage 


j 

OBOITP 

TOT AX POtTNDa DRT MATTER TER 100 POUNDS 
MIXK OF 12 PER CENT 

POUD8 A.T UNIFORM LIVE WEIGKT 

RELATIVE EFFICIENCT 
OFSILAOE 

First year 

Second 

year 

Average* 

From 

B'lage* 

Equal to 
100 pounds 
early 

Acres to 
equal early 

Early. 

81.33 

116.29 

101 31 

55.37 

100.0 

1.00 

Medium. 

90.06 

116 71 

103.39 

55.01 

102.7 

0.77 

Late. 

76.79 

105-19 

93.02 

37.75 

134.7 

0.82 



* Weighted average. 


groups. In 1922, with the lower production, a greater percent¬ 
age of the total feed consumed was naturally used in main¬ 
tenance. 

When the two trials are arranged, and an attempt made to 
rate the acre values of the three types, the data shown in table 9 
is obtained. 

During both years the dry matter required to produce 100 
pounds of milk was least with the immature (late) silage, and 
greatest with the medium. This difference is undoubtedly 
due to the difference in the proportion of grain fed, the late 
group consuming considerably more grain and the medium group 
the least amount (least with the medium, because the produc¬ 
tion was least). The pounds of dry matter from silage for each 
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100 pounds of milk for the early, medium and late was 55.37, 
55.01, and 37.75 respectively. 

On this basis, 100 poun^ of early silage was equivalent to 
102.7 pounds mediiun silage, and 134.7 pounds late silage. Cal¬ 
culating to the acre yield (table 2) 0.77 of an acre of medium 
and 0.82 of an acre of late were equivalent to an acre of the early 
com. 

Table 10 is arranged to show the milk production value per 
acre from the two years’ trials. 


TABLE 10 

Showing milk production value of silage 


osotrp 

PER 100 POUNDS 

12 PER CENT MILK- 
WEIGHTED 

MILK PER 
POUND 
DIGESTI¬ 
BLE DRT 
MATTER 

MILK 
PROM 
DIGESTI¬ 
BLE DRT 
MATTER 
IN 

SILAGE 

SILAGE 

TO 

FURNISH 

1 POUND 
DIGESTI¬ 
BLE DRT 
MATTER 
WEIGHTED 

SILAGE 

FOR 

1 POUND 
MILK 

MILK 
PER ACRE 

Dry matter 

tm 

Ib 

S 

1 

Cjl 

M 

1 

S 

1 

la 
£ » 
Is 


pounds 

pounda 

pounds 

pounds 

pounds 

pounds 

pounds 

potindf 

Early. 

101.31 

67,81 

36.54 

1.47 

63.71 

5.2 

3.5 

7078 

Medium. 

103.39 

68.65 

U5 

P* 

CO 

1.46 

'52.20 

6.1 

4.2 

7663 

Late. 

93.02 

62,27 

24.16| 

1.61 

36.39* 

7.9* 

5.4 

i 7527 


• Average of milk per pound dry matter as determined with Early and Medium 
is used in this calculation. The greater amount of grain consumed by the Late 
Group furnished these cows with a ration of greater digestibility which account 
for the better showing of this Group in column 3 (Table 10). In the first trial 
the amount of grain required daily by the Early, Medium and Late Groups was 
9.97, 8,31 and 11.60pounds respectively; and in the second trial it is 7.3, 7.2, and 
8.6 pounds respectively. 


The calculations in this table are on the basis of the dry 
matter consumed and coefficients of digestibility from appendix 
table II, Henry and Morrison’s Feeds and Feeding, 18th edition. 
The coefficient applied to the grain mixture, 77 per cent, is a 
weighted average. For the hay, 55 per cent was used, for the 
early silage 66 per cent, for the medium silage 65 per cent, and 
for the late silage 64 per cent. 
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A pound of digestible dry matter in the silage was assumed 
to have the same value as one pound of digestible matter in the 
hay and grain. While this is not strictly true, as is well known 
and as is shown in column 3 (table 10), it furnishes a satisfactory 
basis for comparison when the milk per pound of dry matter 
for the early and medium silage in column 5 is applied, which 
then only assumes that the digestible dry matter of the diflferent 
silages is of equal value; and the amounts of silage actually 
consumed are nearly identical. 

Column 6 (table 10) gives the amount (pounds) of silage re¬ 
quired to produce one pound of digestible dry matter and column 
7 gives the pounds of silage required to produce one pound of 
12 per cent milk (including maintenance). On this basis it 
was found that an acre of early (12.4 tons) will produce 7078 
pounds milk, the medium (16.5 tons) 7663 pounds, and the late 
(20.3 tons) 7527 pounds. This comparison indicates that such 
an early corn as Pride of the North will not feed enough better 
to offset its low comparative acre yield; but Learning, which forms 
good ears and makes a good yield has a greater production 
value than either of the others. 

It is realized that these calculations cannot be considered final. 
They are offered as the present attempt at solving the problem. 
A third year’s feeding trial is now being run. Further work 
needs to be done to compare the dry matter values of the different 
silages. This is an experiment which it is planned to carry out 
in 1924. There is also a possibility that there are greater losses 
in dry matter in the silo from some types than from others which 
is a point we hope to determine. Then there is the question of 
cost of growing and ensiling the different types. 

SUMMARY 

The second year results support those of the first year. All of 
the alages were a little more matiure the second year, containing 
more dry matter, and this was markedly true of the early silage. 

The grain required per 100 pounds of milk when the amounts 
of hay and silage were the same for all groups was 28.94, 34.28 
and 39.60 pounds respectively for early, medium and late silage. 
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The area of corn required by medium and late to equal an acre 
of early in feeding value (two years combined) is 0.77 and 0.82 
respectively. 

The silage required for one pound of milk of 12 per cent solids 
is 3.5 pounds of early, 4.2 pounds of medium and 5.4 pounds of 
late. 

The pounds of milk produced per acre of silage is 7078 from 
early (12.4 tons), 7663 from medium (16.5 tons) and 7527 from 
late (20.3 tons). These yields were obtained from cows during 
their first five lactation months. 
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INTRODUCTION 

An accurate method for the determination of fat in buttermilk 
is necessary in order to control the exhaustiveness of the churning 
process. Some of the larger creameries are so equipped that it is 
possible to detennine churn losses by means of a chemical analysis 
of the buttermilk. The Roese-Gottlieb and Mojonnier tests 
are the ones commonly used for this purpose. In most cases, 
however, the testing equipment in the smaller plants consists 
only of the Babcock test outfit, which affords a cheap and rapid 
method for the determination of fat in milk products. 

Certain procedures have been developed and certain types of 
test bottles have been produced for testing whole milk and cream, 
but for buttermilk there is no standard method of testing, nor is 
there an adequate test bottle. Buttermilk is tested in the 
ordinary 18-gram skim milk bottle, which is graduated from 
0.0 to 0.25 of 1 per cent (a few bottles graduated from 0.0 to 
0.50 of 1 per cent are being put on the market), whereas the 
amount of fat in buttermilk mil, in some cases, exceed 1 per cent. 
It is only in extremely rare instances that the calibrated portion 
of the neck of the skim milk bottle is of sufficient size to measure 
the fat contained in an 18-gram sample of buttermilk. 

It was for the purpose of determining the limitations of the 
Babcock method for testing buttermilk, and if possible of devising 
a satisfactory modification, that this investigation was carried 
on. 
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PLAN OF WORK 

The experiment was so conducted as to obtain information on 
the following points: 

A. The conditions limiting the use of the Babcock test for 
buttermilk. 

1. The amount of sulphuric acid used. 

2. The length of the whirling period. 

3. The speed of centrifuging. 

B. A comparison of the Babcock, Normal Butyl Alcohol, (1) 
and Roese-Gottlieb methods for determining the amount of fat 
in buttermilk. 


METHOD OP PROCEDURE 

The buttermilk used in the experimental work was obtained 
from the churning of neutralized cream in a Dual churn and 
worker. ‘ 

All the Babcock and Normal Butyl Alcohol tests were con¬ 
ducted in an electric centrifuge with speed adjustment ranging 
from 850 to 1700 revolutions per minute, and having a 22-inch 
disc. 

The acid was measured directly into the test bottle from a 
burette, as it was found that accuratemeasurements could not be 
obtained by the use of an acid measure or graduated cylinder. 
The sulphuric acid used had a specific gravity of 1.83. 

Skim milk bottles graduated from 0.0 to 0.50 of 1 per cent 
were used for the normal butyl alcohol tests, and bottles gradu¬ 
ated to 0.25 of 1 per cent were used for the Babcock tests. 

ROESE-GOTTLIEB DETERMINATIONS 

In general, the procedure as given by the Association of 
OflSicial Agricultural Chemists (2) was followed in the Roese- 
Gottlieb determinations. Three extractions with ether were 
made in each case. It was found necessary to use more ammonia 
than is needed in testing other milk products, and it was often 

^With the exception of sample 12, table 4, which was hand churned 
buttermilk. 
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necessary to add ammonia in the second and third extractions 
in order to break the emulsion which formed upon the addition 
of ether. The total amount of ammonia used for a 5-gram 
sample varied from 2 to 6 cc. 

THE NORMAL BUTYL ALCOHOL TEST 

The Normal Butyl Alcohol procedure was that reported by 
Prof. W. J. Mitchell (1) and was as follows: 

Chemicals: Commercial sulphuric acid. Normcd butyl alcohol 

1. Add the chemicals and buttermilk to the test bottle in the follow¬ 
ing amounts and in the order indicated: 

(a) 2 cc. of n-butyl alcohol 

(b) 9 cc. of buttermilk 

(c) 7-9 cc. of commercial sulphuric acid. 

Vary amount of acid to suit its strength. The right amount is being 
used when the fat column is golden yellow to light amber in color. 

2. Mix contents of bottle thoroughly 

3. Centrifuge for G minutes 

4. Add hot water (soft or distilled) to fill bottle to bottom of neck, 
and whirl 2 minutes. 

5. Add balance of water to float fat into neck and again whirl 2 
minutes. 

6. Read at a temperature of 135'’-140®F. Double the reading to 
obtain percent of fat. 

THE BABCOCK TEST 

The unsatisfactory results of several preliminary tests follow¬ 
ing the more common method of testing buttermilk, which makes 
use of an 18-gram sample and about 20 cc. of commercial sul¬ 
phuric acid, led to a study of the following variations of the 
Babcock test for buttermilk. 

1. A 10-gram sample (as measured by a 10-gram Mojonnier pipette) 
was used. 

2. Comparative teats were made, using 11 and 13.5 cc. of sulphuric 
acid. 
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3. The following three whirling periods were compared: 

a. 20 minutes—20 minutes—10 minutes 

b. 10 minutes—10 minutes—5 minutes 

c. 5 minutes—3 minutes—3 minutes 

4. The effect of the speed of centrifuging was determined by a com¬ 
parison of the results obtained at the following variations: 

a. 850R. P. M. 

b. 1150 R. P. M. 

c. 1700 R. P. M. 

EXPERIMENTAL DATA 

A. Conditions limiting the use of the Babcock test for buttermilk 

1. The amount of acid used. As the maximum amount of 
acid that could be used without danger of charring the fat 
globules had been found to be 13.5 to 14 cc. (sp. gr. 1.83), 13.5 
cc. was selected as the maximum amount of acid to be used in 
the investigation. Eleven cubic centimeters was arbitrarily 
selected as the minimum quantity that would be used in deter¬ 
mining the importance of the amount of acid. The influence of 
the amount of acid is shown by table 1. 

Table 1 gives a comparison of the results obtained from running 
seven different samples at a 10-10-5 whirling period and at 1150 
R.P.M., using the two different amounts of acid. It will be 
seen that a much lower reading was obtained from the use of 
11 cc. of acid than when 13.5 cc. were used. The average per¬ 
centage of fat obtained with 13.5 cc. of acid was more than twice 
that obtained with 11 cc. of acid. These data clearly show the 
importance of using the maximum amount of acid. 

5. The length of the whirling period. The following tables 
present a comparison of the results obtained from three different 
whirling periods at a speed of 850 R.P.M. using 13.5 cc. of acid, 
and from two different whirling periods at a speed of 1150 R.P.M. 
using both 11 and 13.5 cc. of acid. 

These data show that the length of the period of centrifuging 
is of minor importance. Under the conditions indicated in 
part I of the table the longer whirling periods resulted in slightly 



DBTBKMINATION OF FAT IN BtrTTBBMILK 


397 


higher average fat percentages. By comparing the averages 
given in parts I and II it will be seen that when 13.5 cc. of acid 
were used the longer whirling periods gave higher results only at 
the lower speed and even then the increase was slight. The only 
really appreciable increase in the test obtained from a longer 
whirling period is shown by the figures given in part III. These 


TABJ.E J 

The influence of the amount of acid used 
Speed of centrifuge—1150 R.P.M. 10-10-5 whirling period 


8AIIPLS KrilBXR* 

11 OC. ACID 

ATERAQB 

13.5 OC. ACID 

ATSBAOB 


per cent 

per cent 

per cent 

per cent 

1 / 

0.11 


0 36 



0,14 

0 125 

0.36 

0.360 

2 / 

0.19 


0.33 


1 

0.19 

0.190 

0.36 

0.345 

3 f 

0 21 


0.47 


1 

0 19 1 

0.200 

0 49 

0 480 

i / 

0 23 


0 43 

1 

1 

0.16 

0.195 

0 43 

0 430 

5 I 

0 16 


0.47 


1 

O.IG 

0 160 

0.49 

0.480 

6 / 

0.13 


0 40 



0 13 

0.130 

0 40 

0.400 

7 / 

0.41 


0 54 


1 

0.41 

0 410 

0.54 

0.540 

Average. 


0.202 


0 434 


* Sample numbers that recur in other tables refer to the same buttermilk. 


data indicate that when the minimum amount of acid (11 cc.) was 
used, the longer whirling period resulted in an increase in the 
average reading from 0.201 to 0.262 per cent, an increase of about 
one third. However, by referring to part II of the table, it will 
be seen that when 13.5 cc. of acid were used at a speed of 1150 
R.P.M. as high results were obtained from a 10-10-5 period of 
centrifuging as from a 20-20-10 period. 
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TABLE 2 

The effect upon the reeulle of varying the whirling period 


0AIIFX.S NUIIBSH 

1 WaiBLXKO PXBIOD 

5-S-3 

1 Avvnige 

Average 

20-20>10 

Average 


Part I. Speed of centrifuge—850 amount of acid used—13.5 cc* 



per eeni 

peer cent 

per cent 

per cent 

percent 

per cent 

4 / 

0.38 


0.45 

* 

0.44 


* t 

0.38 

0.380 

0.43 

0.440 

0.38 

0.410 

« { 

0.40 


0 40 


0.40 


0.41 

0.405 

0.41 

0.405 

0.43 

0.415 

7 1 

0.47 


0.52 


0 56 


^ 1 

0.53 

0.500 

0.54 

0.530 

0.56 

0.560 

« { 

0.70 


0.76 


0.72 


0 60 

0.695 

0.74 

0.750 

0 74 

0.730 

^ { 

0.38 


0.38 


0.45 


0.38 

0.380 

0.36 

0.370 

0 45 

0.450 

10 { 

0 37 


0.35 


0.42 


0.36 

0.365 

0.36 

0.355 

0.42 

0.420 

Average ... 


0.454 


0.475 


0.497 


Part II. Speed of centrifuge—1150 R.P.M.; amount of acid used—13.5 cc. 


■ { 



o o 

0.360 

0 31 
0.36 

0.335 

^ { 



0.36 

0.33 

0.345 

0.33 

0.36 

0.345 

« { 



0.47 

0.49 

0.480 

0.45 

0.49 

0.470 

^ { 



0.43 

0 43 

0.430 

0.43 

0.43 

0.430 

* { 



0.49 

0.47 

0.480 

0.49 

0.47 

0.4^ 

^ { 



d d 

0.530 

0.54 

0.54 


Average •.. 




0.438 


0.433 
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TABiiE i^ontinucd 


VXJUBVB 


WBXBLXNa PBBIOD 


6-8-3 

Average 

10-10-6 

Average 

20-20-10 


Avenge 


Part III. Speed of centrifuge—1150 R.P.M.; amount of acid used—11 cc. 


^ { 

percent 

per cent 

per cent 

0.14 

0 11 

per cent 

0.125 

per cent 

0.16 

0 18 

percent 

0.170 

^ { 



0.19 

0 19 

0.190 

0.19 

0.22 

0.205 

^ { 



0 21 
0.19 

0.200 

0.27 

0 31 

0.290 

^ { 



0 16 
0.23 

0.195 

0.24 

0.27 

0.255 

^ { 



0.16 

0 16 

0.160 

0 27 

0 31 

0.290 

{ 



0 13 
0.13 

0.130 

0.13 

0.13 

0.130 

^ { 



0 41 

0 41 

0 410 

0.49 

0 50 

0.495 

Average ,.. 




0.201 


0 262 


S. The speed of centrifuging. To determine whether or not 
increasing the speed of centrifuging would increase, the reading, 
comparisons were made between the results obtained by run¬ 
ning the same samples at 850 R.P.M. and at 1150 R.P.M. with 
10-10-5 whirling periods, and between 1150 and 1700 R.P.M. 
with 20-20-10 whirling periods. In all cases 13.5 cubic centi¬ 
meters of sulphuric acid (the amount found to give best results) 
were used. It was found that when the speed of the centrifuge 
was increased to 1700 R.P.M. several of the test bottles were 
broken by the increased pressure exerted upon them. For this 
reason and because it was thought that any increase in reading 
to be obtained from the higher speed would be more noticeable 
with a 20-20-10 whirling period than with the shorter ones, it 



TABLE 3 

Table showing the effect upon the test of varying the speed of centrifuging 
Part I. 10-10-5 Whirling period—13.5 oc. acid used 


SAMPLE KUMBXB 

850 B.P.M. 

ATBBAOB 

1150 B.P.M. 

ATBBAOB 


per oeni 

per cent 

pereent 

per cent 

4 1 

0.45 


0.43 


^ 1 

0.43 

0.440 

0.43 

0.430 

» { 

0.40 


0.40 


0.45 

0.425 

0.40 

0.400 

7 / 

0 52 


0.54 


^ 1 

0.64 

0.630 

0.64 

0.540 

« { 



0.67 



0.760 

0.71 

0 690 

« { 



0.39 



0.370 

0 39 

0 390 

10 { 



0.35 



0.355 

0 35 

0 350 

Average. 


0.478 


0.467 


Part II. 20-20“ 10 Whirling period—13.5 cc. acid used 



1150 B.P.M. 

AVEBAOB 

1700 B.F.M. 

ATSBAQB 


per cent 

per cent^ 

per cent 

jier cent 

, / 

0.36 


0.35 


^ i 

0.36 


0.36 

0.355 

2 f 

0.3S 


0.31 



0.36 

0.345 

0.34 

0.326 

3 / 

0.45 


0.45 


® 1 

0.49 


0.46 

0.450 

4 I 

0.43 


0.43 


^ 1 

0.43 


0.44 

0.435 

6 1 

0.47 


0.49 


® 1 

0.49 

0.480 

0.49 

0.490 

7 ( 

0.54 


0.53 



0.64 

mmm 

0.58 


Average. 


0.438 


0.433 
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was deemed advisable to use the high speed only with the longer 
whirling periods. 

The data in table 3 show that when using 13.5 cc. of acid and 
10-10-5 whirlings as high results were obtained with a speed of 
850 R.P.M. as with 1150 R.P.M. Increasing the speed to 
1700 R.P.M. gave no higher results than those obtained at 1150 
R.P.M., even with the 20-20-10 whirling periods. 

B. A comparison of the Babcock, Normal Butyl Alcohol, and 
Roese-GotUieb methods for determining the per cent 
of fat in buttermilk 

As a result of the foregoing data, the following modification 
of the Babcock method was decided upon for a comparison with 
the Normal Butyl Alcohol and Roese-Gottlieb methods of 
determining the fat in buttermilk. 

10-gram sample 

13.5 cc. of acid (measured from a burette) 

10-10-5 whirling period 
1150 R.P.M. 

A comparison of the results obtained by the Babcock and 
Roe.se-Gottlieb methods shows that the Babcock results are 
always less than those of the Roese-Gottlieb. It was noticed, 
however, that the difference between the two was fairly constant, 
being in the neighborhood of 0.2 of 1 per cent. (The average 
difference between the results obtained on the 12 samples is 
0.2047.) In other words, practically 0.2 of 1 per cent of the fat 
in buttermilk is held so tightly by the milk constituents that the 
combined action of the acid and centrifugal force fails to liberate 
it. The same fact is true in testing whole milk, in which test a 
correction is made for the approximate 0.2 of 1 per cent fat that 
does not rise in the neck, by reading the fat column to the top 
of the meniscus. 

By using 0.2 as a correction factor and adding it to the results 
obtained by the Babcock method, a value is obtained which is 
closely comparable to that obtained by the Roese-Gottlieb 
method. 



TABLE 4 


A comparison of the modified Babcock, Normal Butyl Alcohol, and Roese-Oottlieh 
methods for determining the fat in buttermilk 


SAMVLS WUlfBSB 

BABCOCK* 

ATBBAGB 

BABCOCK 
PLUS 0.2 

NOBMAL 

BUTTl* 

ALCOHOZ* 

AVBBAOB 

BOBSIH 

001TUEB 

AVBBAOB 


per cent 

percent 

percent 

per cent 

percent 

percent 

percent 

■ { 

0.36 



0.58 


0.590 


0.36 

0.360 

■a 

0.58 

0.580 

0.572 

0.5810 

2 1 

0.36 



0.63 


0.545 


^ 1 

0.33 

0.345 

0.545 

0.53 

0.530 

0.644 

0.5445 

^ { 

0.49 



0.69 


0.667 


0.47 


0.68 

0.68 

0.685 

0.664 

0 6655 

4 / 

0.43 



0.60 


0.628 


* 1 

0.43 


0.63 

0.60 

0 600 

0.626 

0.6270 

5 / 

0.49 



0.68 


0.698 


® 1 

0.47 


0.68 

0.68 

0.680 

0.685 

0.6915 

« { 

0.40 



0.54 


0.596 




0.60 

0.54 

0.540 

0.598 

0.5970 

7 / 

0.64 



0.72 


0.759 


t 

0.54 


0.74 

0.72 

0.720 

I 

0.772 

0.7655 

« { 

0.71 




i 

0.904 


0.67 

0.690 

0.89 

0.94 

I 0.940 

0.897 

0.9005 

® { 

0.39 



0 56 


0.570 


0.39 

0.390 

0 69 

0.55 

0.555 

0.670 

0.5700 

10 { 

0.35 



0.56 


0.566 

1 

0.35 


0.65 

0 56 

0.560 

0.554 

0.5600 

» { 

0.44 



0 62 


0.662 


0.44 


0.64 


0.620 1 

0.645 

0 6535 

12 { 

1.29 



1.50 


1.485 


1.29 

1.29 

1.49 


1.60 

1.500 

1.4925 

Average. 


0.516 

0.716 


0.709 


0.7207 






'Procedure followed: 

R.P,M..1150 
10-gram sample 

IS^gram 0*25 per oeut skim milk bottle 
13*5 cc. HsSOi in burette 
10~10~5 whirling periods 
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In addition, the data in table 4 confirm the work of Professor 
Mitchell (1) in that the results obtained by the Normal Butyl 
Alcohol method correspond closely with those obtained by 
chemical analysis. 


DISCUSSION OP THE TESTS 

The results of the work indicate that the amount of acid 
added is the most important factor to be considered in using the 
Babcock test for buttermilk. Another very important factor, 
which does not appear in the data presented, is the construction 
of the skim milk bottle used. Many bottles are so constructed 
that they “choke up” very easily at the base of the graduated 
capillary. A slight constriction at this opening will result in 
preventing some of the fat from rising into the neck of the bottle. 
By carefully selecting the test bottles and eliminating those that 
repeatedly “choke up” this difficulty was lessened. For this 
reason, in selecting bottles that are to be used in the test, choose 
those that have the graduations close together as this indicates 
a wide capillary. Too much emphasis cannot be laid upon the 
need of a test bottle that is properly constructed for the testing 
of buttermilk. 

The Normal Butyl Alcohol test also is somewhat handicapped 
by the lack of a desirable test bottle. Otherwise the method is 
very successful. 

DIRECTIONS FOR OPERATING THE MODIFIED BABCOCK TEST 
FOR BUTTERMILK 

As a result of this experiment, the following modification of the 
Babcock test for determining the fat in buttermilk is presented: 

1. If the sample contains visible granules of butterfat, it 
should be strained through cheesecloth, as floating granules of 
butter are not indicative of the exhaustiveness of churning. 

2. Thoroughly mix the sample. 

3. By means of a 10-gram Mojonnier pipette, measure 10 
grams of the buttermilk to be tested into a skim milk bottle 
(use a 0.5 per cent bottle if possible). 
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4. Add 13.5 cc. of commercial sulphuric acid (having a specific 
gravity of 1.82-1.83) from a burette or 14 cc. from an acid 
measure, and mix: well. 

5. Centrifuge at a speed of about 1000 R.P.M. for ten minutes. 

6. Fill to base of the neck of bottle with hot water and whirl 
for ten minutes. 

7. Finish filling bottle with hot water and whirl for five 
minutes. 

8. Allow to remain five minutes in a hot water bath having a 
temperature of 135-140°F. 

9. Read to the top of the meniscus and multiply the result by 
1.8. (The fat column should be a dark amber color. If it is a 
straw yellow color, the amount of acid used should be increased.) 

10. Add the correction factor of 0.2. 

PRECAUTIONS 

1. Be sure the sample is well mixed before pipetting. 

2. Be sure the acid is of proper strength. If a deep amber 
colored fat column does not result, increase the amount of acid 
used. 

3. Add only enough water the first time to raise the mixture 
in the bottle up to the point where’the graduated neck is joined 
to the shoulder of the bottle. If a little clearance is left between 
the top of the liquid in the bottle and the opening into the grad¬ 
uated portion of the neck, the danger of “choking” the neck of 
the bottle will be diminished, as the final addition of water will 
cause only the collected fat to rise into the graduated portion 
of the neck. 

4. Mark the bottles that “choke up” and eliminate those 
that repeat. 

CONCLUSIONS 

1. The amount of acid used has a very important effect upon 
the results obtained in the Babcock method of testing buttermilk. 

2. The extension of the whirling period beyond the 10-10-5 
minute periods has no appreciable effect upon the result obtained 
in the Babcock method of testing buttermilk. 
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3. Increasing the speed of the centrifuge above 900-1000 
revolutions per minute will not increase the readings obtained 
in the Babcock method of testing buttermilk. 

4. With the proper modifications of the Babcock test and with 
the addition of a correction factor of 0.2, results can be obtained 
that wll conform closely to the Roese-Gottlieb determination. 

5. The results of the Normal Butyl Alcohol method of testing 
buttermilk check closely with the Roese-Gottlieb determination. 
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There has been and still is quite a wide difference of opinion 
in regard to the manner of reading the Babcock cream test. 
Even in the last publication of the Official Methods of Analysis 
of the Association of Official Agricultural Chemists, no specific 
directions are given concerning the manner of reading the finished 
test. This text refers the analyst to either Farrington and 
Woll or to Van Slyke. This is a particularly unfortunate state¬ 
ment since the two references cited do not agree as to the manner 
of reading cream tests. We find that in Farrington and Woll 
the cream tester is directed to read the finished test by measuring 
the fat column the same as for a milk test—that is, from the 
extreme low point of the lower meniscus to the extreme upper 
point of the top meniscus, while Van Slyke states that the top 
meniscus of the finished test should be flattened by the use of 
glymol, separator oil, amyl alcohol, or fat saturated alcohol. 
Neither of these authors show any comparison of their method 
with any of the extraction methods as proof of their own. 

In consulting other authors and bulletins we find that several 
other methods are advised, very few of which are Actually sup¬ 
ported by comparison either with the Roese Gottleib (a recog¬ 
nized official and accurate method) or any continuous extraction 
method. 

Hunziker in his texts advises the use of glymol to flatten the 
upper meniscus or in its absence to include one-third of the 
upper meniscus in the reading. . 

Wing in his Manual of Milk Products advises Farrington aud 
WoU’s method of reading to the extremes of the fat column. 
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McKay and Larsen suggest the use of light mineral oil, Troy 
and Mclnemey, red reader (glymol), Fisk, glymol, and Babcock 
and Farringtoh fat-saturated-alcohol, to flatten the upper 
meniscus and insure an accurate reading. 

Webster introduces further complications by stating that the 
cream test should be read from the bottom of the fat column to 
the extreme top and then to deduct four-fifths of the depth of 
the top meniscus from this reading for an 18 gram charge. In 
the case of a 9 gram charge used in an 18 gram bottle he states 
that 0.2 should be added after the reading is doubled. 

Shaw in the Government Bulletin entitled, “Chemical Testing 
of Milk and Cream” directs the tester to read the cream test 
from the bottom of the lower meniscus to the bottom of the 
upper. 

Erf and Cunningham agree with Indiana Bulletin 145 that 
the use of glymol gives the most accurate results and in the 
absence of glymol the test should be read from the lowest point 
of the fat column to the bottom of the clear part of the upper 
meniscus. 

Gregory and Hammond in the recent Purdue Circular No. 78 
Revised, use Hunziker’s method of including one-third the top 
meniscus or flattening the meniscus with glymol. 

In all of these tests the lack of substantial data in support of 
the various methods of reading is striking. It would seem with 
so many opinions in the field that authorities using a method 
which does not agree with another would show data to prove 
their points, but seemingly little work has been done in actually 
comparing these different methods with the extraction methods 
which are known to be accurate. In some cases these com¬ 
parisons were probably made but the results are very hard to 
find. 

Siegmund and Craig of Baltimore claim that the tests for 
cream using the glymol method were about 1.5 per cent too 
high and that by increasing the speed of the centrifuge to twice 
the correct figure they were able to obtain practically indentical 
results between the Babcock and extraction methods. 
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Ross and Mclnemey in Cornell Bulletin No. 337 advise the 
use of glymol and give figures comparing the readings using 
glymol with readings without glsonol. They find that the 
glymol readings fall under the other readings about 1.5 per cent 
on 6 inch bottles and 1 per cent on 9 inch bottles. They do not 
state what method of reading they used on the tests where no 
glymol was used but it is presumed that they included one-third 
of the upper meniscus according to Hunziker whom they refer to. 

They also, in the same bulletin, give the results of the analysis 
of 64 cream samples by both the Babcock glymol and a method 
they term chemical, presumably an extraction method. The 
results of these analyses check very closely, in fact only 8 varied 
more than 0.5 per cent which is the finest division on the usual 
cream bottles. 

There are probably other methods of reading cream tests and 
quite possibly other data in support of the tests but they have 
not come to the writer’s attention. 

There seems to be no reason why some definite and specific 
method, supported by substantial data from various sources, 
cannot be written into the "OflScial Methods” and put an end 
once and for all to the confusing differences of opinion now 
existing. It would seem that on the face of it the methods using 
a "meniscus remover” or "red reader” would give more con¬ 
sistent results than any method which adds or subtracts a fraction 
of the upper meniscus, since the depth of meniscus varies with 
the diameter of the neck and the meniscus outline is far from 
distinct. 

Believing that this subject should bear investigation and 
further, that a small number of comparisons made at several 
different places by different investigators are more desirable 
than a large number run at one place we therefore submit the 
following with the suggestion that it be further tried elsewhere. 

The following table shows the results of our work. 
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WAlfPLB 

TOBorroii 
or uppwB 

MBHMCOS 

TO BXTBBMB 

TOP or 

UPPBII 

MBHIBCUS 

USING 
OLTUOL 
BOm.B A 

X7S1NO 

ALCOHOL 

FAT- 

SATCRATBD 

BOriLBB 

ONB>THIBD 

OF MSNI8CUS 

BOBSB 

OOTTLIBB^ 

OFFICIAL 

JA. 

18.50 

ao.oo 

18.7tl 


19.00 

18.80 

Hb . 

18.50 

20.00 


19.00 


1 18.71 


20.00 

21.80 

20.00 


20.50 

19 90 

V. 

20.00 

21.50 


20.50 


19.96 

3 /A. 

29.50 

31.00 

29.50 


30.00 

29.21 

IB . 

29.50 

31.00 


30.00 


29.22 

jA . 

88.00 

38.75 

38.00 


38.45 

37.62 

IB. 

38.50 

39.25 


38.50 


37.68 

,/A. 

33.50 1 

34.25 

32.75 


33.45 

32.14 

IB . 

33.25 ! 

1 

34.00 


33.00 


32.16 

jA. 

16.50 

18 00 

16.50 


17.00 

16.30 

% . 

16.50 

18.00 


17.00 


16.34 

7 /A . 

22.00 

23.50 

22 00 


22.50 

21.74 

^B . 

22.00 ; 

23 50 


22.25 


21.82 


26.50 

27.50 

26.50 


26.83 

26.13 

V . 

26.50 

27.50 


27.00 


26.14 

jA. 

35.50 

36.25 

35.25 


35.75 

34.87 

IB . 

35.50 

36.25 


36.00 


34.95 

.jA. 

25.25 

26.50 ! 

25.50 


25.50 

25.08 

‘V . 

25.25 

26.50 


25.75 


25.12 

Average .... 

26.51 

27.72 

26.47 

26.00 

26.90 

26.19 

Variation. , .. 

4*0,32 i 

+153 

-fO.28 

4-0.71 

4-0.71 

0 


PKOCEDURE 

The ten samples of cream were obtained by separating evenings 
milk obtaining a portion of cream testing about 38 per cent. 
This portion was then used in preparing samples of 10 different 
tests by diluting with various amounts of whole milk. These 
samples were held at 40°F. until the following morning when the 
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analyses were made after wanning the cream to 100®F. and 
thoroughly mixing by pouring into individual dry beakers. 

The cream was weighed on a Troemner, agate knife edge 
balance to the nearest 0.005 gram. Nine gram 50 per cent, 6 
inch cream bottles were used in all cases with a 9 gram charge 
and an addition of 9 cc. of distilled water. The amount of acid 
(1.822 specific gravity) was determined by trial and no results 
were included that did not show an absolutely clear and perfect 
fat column. Amounts used varied from 17.0 to 18.0 cc. depend¬ 
ing on test of cream. The centrifuge was an electric machine 
heated electrically to 145®F., diameter of wheel 15 inches and 
run at a speed of 900 R.P.M. Centrifuge periods of 5, 2 and 
1 minutes were used with two additions of distilled water at 
180“F. The bottles were tempered for 4 to 5 minutes at 138°- 
42®F. and read at these temperatures, direct from the bath. 
Readings for the first and second columns of the table were 
made at the same time after which the bottles were returned to 
the bath and retempered for a minute or two. Glymol colored 
with alkanet was then added to the A bottles and the test reread 
while fat-saturated-alcohol colored with alizarine was added to 
the B bottles in a similar manner. These additions were made 
carefully down the side of the tube to a depth of about | inch. 

The readings in column 5, including one-third the meniscus 
were obtained as follows: the test for each sample in colunms 
1 and 2 were averaged and the variations due to the depth of 
meniscus obtained by difference after which one-third of this 
difference was added to the average test obtained in column 1. 

The results in column 6 were obtained following the Roese- 
Gottlieb method exactly as outlined in the Official Methods, 
with the exception that Mojonnier extraction flasks were used in 
place of a Rohrig tube. Both ethers were redistilled at low 
temperatures before use and the flasks extracted with 2-25 cc. 
charges of each ether followed by a final 15 cc. charge of each. 
The flasks containing the fat were dried to constant weight. 
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INTERPRETATION 

Our results show that the method using glymol checks closest 
with the Roese-Gottheb; the variation being plus 0.28 per cent 
while the method of Shaw, reading from the bottom of the lower 
to the extreme low point of the upper, gives practically identical 
results, the variation being plus 0.32 per cent. 

The other methods used however are more than 0.5 per cent 
out of the way. This was a surprise in the case of the fat- 
saturated-alcohol, which varied plus 0.71 per cent. It was 
thought that this method would check rather closely with the 
glymol. It was noticed in all the bottles, however, that the 
alcohol did not give as flat a top hne as the glymol, the tendency 
being to change the concave of the meniscus to a convex line 
between the fat and the alcohol. We read to the top of this 
convex surface which may explain this result. 

The method recommended by Hunziker and quoted by others 
of including one-third of the meniscus, gave results which were 
high by plus 0.71 per cent being the same as those obtained with 
the alcohol. 

Basing our opinion on these results it would seem that either 
Shaw’s method or the glymol method of reading cream tests is 
the most accurate. However, since there are various types of 
bottles in use and various methods of treating the charge as 
regards the amount of acid, more work should be done to justify 
the above statement. 



THE RELATION OF THE OXIDIZABILITY VALUE AND 
THE AMINO AND AMMONIA NITROGEN CONTENT 
TO THE QUALITY OF CREAM AND BUTTER 

L. W. FERRIB 

Food Control Laboratory, Bureau of Ckemietry, United States Department of Agri* 
culture, Washington, D. C. 

Heceived for publication Juno 28, 1923 

Previous work on the relation of anuno nitrogen and ammonia 
to total nitrogen*-* and on the volatile oxidizable substance* 
in cream and butter showed that these determinations might give 
some indication of the kind of cream used in making a given 
sample of butter. Inasmuch as this work had been confined to 
one creamery in the Middle West and one in the East, it seemed 
advisable to make investigations on samples which represented 
a greater portion of the butter that enters into commerce. Ac* 
cordingly, representative samples of cream and butter from 
eleven different creameries throughout the Central States and 
two in the East were collected and forwarded to Washington 
for chemical examination.* 

Portions of each sample of cream were treated with acetic acid 
and picric acid, filtered and the filtrates, together with some of 
the cream preserved with formaldehyde, were sent to Washington 
for determination of total nitrogen, and amino nitrogen and 

I A method for the determination of amino nitrogen and ammonia in cream 
and butter. Journal of Dairy Science, v, no. 4, July, 1922. 

* Some determinations on the soluble nitrogen compounds in cream and butter. 
Journal of Dairy Science vi, no. 3. May, 1923. 

* The volatile acids and the volatile oxidisable substances of cream and ex¬ 
perimental butter. Journal of Dairy Science, iv, no. 6, p. 521,1921. 

^All field work, including collection and preparation of samples, and all 
microscopic counts, were made by Mr. W. K. North, Jr., Mr. Q. F. Beddish, and 
Dr. Edwin LeFevre of this Bureau, and acknowledgment is hereby made. 

Appreciation is also expressed to Mr. J. 1. Palmore, Miss D. B. Scott and Mr. 
L. Jones, for assistance in chemical determinations. 
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ammonia. By this procedure the amino nitrogen and anunonia 
found represented the amount actually present at the time the 
cream was sampled. Duplicate portions of the cream were also 
sent by mail, without refrigeration, to the nearby Chicago Station 


TABLE 1 
Plant 1 


•AliFLt KUMBSJt 

OBADB 09 
CXKAM 

SCOAE OF 
BUTTBB 

OXIDIZABI1.TTT 
VALUB BTTTTBB 

AMINO NITBOOBN AND 
AMMONIA AS PKR CKNT OF 
total NrPBOOBN 





Cream 

Butter 

1 

Sweet 

94 

1.3 

1.5 

mn 

2 

Sweet 

94 

1.3 

1.7 


3 

Sweet 

94 

1.2 

1.7 


4 

Sweet 

94 

0.7 

1.9 


5 

Sweet 

93J 

1.9 

2 0 


6 

Sweet 

934 

0.9 

1.1 


7 

Sweet 

94 

0.7 

1.3 


Average. 


93J^ 

1.1 

1.6 

1.2 


Cream contained practically no yeasts or oidia. 


TABLE 2 
Plant S 


BAMFLK NI7MBBB 

1 

OBAOC OF 
CBBAM 

BCOBJC OP 
BUTTBB 

OXIOUABILITT 
VALUB BUTTXB 

AMINO NIT 
AMMONIA AS 
TOTAL N 

Cream 

ROOXN AND 
PBBCKNT OF 
ITKOOBN 

Butter 

1 

Sweet 

93 

0.1 


0.9 

2 

Sweet 

934 

0 3 

1.6 

0.7 

3 

Sweet 

94 

0.3 

1.9 

0.4 

4 

Sweet 

93 

0.5 

2.1 

1.1 

5 

Sweet 

93 

0.6 

1.5 

0.9 

Average. 


93/Dr 

0.4 

1.8 

0.8 


Cream contained practically no yeasts or oidia. 


for determination of oxidizability value. Since these samples 
contained no preservative, the time between collection of sample 
and analysis should be taken into consideration. This time, in 
the majority of cases, was from one to three days, although one 
sample was seven days, two samples six days, one sample five days, 
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and five samples four days in transit. However, since some 
samples only one day in transit gave higher oxidizability values 
than others four days, this delay does not seem very significant. 


TABLE 3 
Plant 3 


0A11PI.K NUMBKB 

QBADX OF 
CBKAM 

1 

KOBE OP 
BUTTER 

OXIDIZABILITY VALVE < 

j 

AMINO KITBOOBN AND 
AMMONIA AS FEB CENT OF 
TOTAL NITBOOEN 

Cream 

Butter 

Cream 

Butter 

1 

2 

1 

1 



1.3 

2.4 

6.5 

5 8 

3.0 

2.5 

Average. 


89 


1.8 

5.6 

2.7 


8 « Salted. 

Yeast count on cream varied from 1,600,000 to 4,400,000. 
Oidia count on cream varied from 230,000 to 420,000. 


TABLE 4 
Plant 4 


SAMPLE 

NUMBER 

GRADE OF 
CREAM 

CREAM 
SAMPLE FOR 
OXIDIZA¬ 
BILITY 
VALUE IN 
TRANSIT 

SCORE OP 
BUTTER 

OXIDIZABILITY VALUE 

AMINO NITROGEN AND 
AMMONIA AS PER CENT 
OP TOTAL NITROGEN 




Cream 

Butter 

Cream 

Butter 

1 

1 

dayt 

3 

89} (89) 8 

50 4 

1.8 

5.5 

3.4 

2 

1 

3 

90 (89) 8 

46.1 

1.2 

6.4 

4.1 

3 

1 

1 

91 (88) 8 

39.7 

4.1 

6.6 

3.3 

4 

1 

2 

89 (87}) 8 

47 7 

3.2 

6 9 

3.0 

5 

2 

3 

(85) u 

53.7 

7.7 

7.7 

3.5 

6 

2 

3 

(84) u 

66.9 

4.1 

7,7 

4 4 

7 

2 

1 

(85) u 

62.8 

1 11.9 

8.0 

1 5.5 

8 

O 

2 

(84) u 

1 69.7 

11.2 

9.1 

5.3 

First grade average. 

88 4 

46.0 

2 6 

6 3 

3.4 

iSecond grade average. 

84 5 

60.8 

8 7 

8.1 

4.7 


s « Salted, 
u « Unsalted. 

Yeast count on cream varied from 4, 376,000 to 9,500,000. 

Oidia count on cream varied from 626,000 to 1,825,000. 

Butter scores in parenthesis were given by Mr. G. R. Campbell of Dairy 
Division at the time the butter samples were analyzed. 

The other scores in this table were on duplicate portions kept in cold storage 
25 days. 
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The corresponding samples of butter were forwarded to 
Washington in refrigerator cars, the samples reaching their 
destination in from 13 to 43 days, with the exception of those 


TABLE S 
Plant 6 


flAIIPLB 

NUUBKIt 

OBAPB OF 
CRSAM 

' 

CRBAM 
BAliPLS FOR 
OZIDUABILITT 
VALUB IN 
TRANSIT 

8CORK OF 
BCTTER 

OXIDIZABILITT VALTTK 

AMINO NITROGEN AND 
AMMONIA A8 PER CENT 
OF TOTAL NITROGEN 

Cream 

Butter 

Cream 

Butter 



day» 






1 

1 

2 ! 

89iu ! 





2 

1 

1 

89i u 1 





3 

1 

1 

90u 





4 

2 

1 

88 u 





5 

2 1 

2 

88 u 





First ;^rade average. 

89 7 

45 0 

4 6 

7 0 

4 8 

Second trradc averaite . 

88 ; 

61 0 

! 5 5 

8 8 

5 4 


u « Unsalted. 

Yeast count on cream varied from 3,300,000 to 5,475,000. 
Oidia count on cream varied from 950,000 to 2,925,000. 


TABLE 6 
Plant 6 


j 

SAMPLE i 

NUMBER ‘ 

GRADE or 
CREAM 

1 i 

SCORE OF 
BITTER 

OXIDIZABILITY VALUE 

AMINO NITROGEN AND 

1 AMMONIA AS PERCENT OF 

1 TOTAL NITROGEN 

Cream 

Butter 

Cream 

Butter 

1 

1 

92s 


4.7 

7 0 

4 6 

2 

1 

92s 


3 9 

7 1 

5.2 

3 

2 

89u 


9 0 

8.4 

5.8 

4 i 

2 

90u 


5.9 

9.1 

4.6 

First grade average . . 

92 


4 3 

1 7 0 

4 9 

Second grade average 

89i 


7.4 

8.7 

5.2 


B « Salted, 
u « Unsalted. 

Yeast count on cream varied from 340,000 to 1,510,000. 

Oidia count on cream varied from 158,000 to 830,000. 

from plant no. 9, which were delayed 88 days. As soon as the 
butters were received they were scored by Mr. S. C. Thompson of 
the Dairy Division of the United States Department of Agricul- 
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TABLE 7 
Plant? 


BAUPhJt 

NITMBSB 

ORAJ>K or 

CBBAM 

CXXAIC 
0AMPLB FOB 
OXIBMABILITT 
YALUB XN 
TBANBXT 

flCOBBOr 

BtrrrBB 

OXISUABXI.ITT TALVB 

AMIlfO XriTBOaBlf ABB 
AMMONIA AS FBB CBIfr 
or TOTAL MITBOQBM 

Cream 

Butter 

Cream 

Butter 




■■IIH 





1 

1 



52.5 


6.7 

6.1 

2 

1 



68.6 


ITm 

6.2 

3 

1 


89s 

49.3 

4.7 


5.6 

4 

1 


90u 

61.4 

5.9 

7.6 

6.8 

5 

1 


90s 


6.5 

7.8 

5.1 

6 

1 

3 

90s 

64.7 

5.3 

7.8 

6.3 

7 

1 

3 

89s 

32.6 

6.8 

8.0 

4.3 

8 

2 

3 

88u 

65.9 

6.5 

8.5 

7.5 

9 

2 

2 

88u 

54.4 

10 3 

8.8 

6.8 

10 

2 

3 

89u 

54.1 

8.8 

8.8 

5.8 

11 

2 

4 

88s 

79.7 

6.5 

8.9 

4.2 

First grade average. 

90 

51.5 

5.4 

7.5 

5.6 

Second erade average. 

m 

63.5 

8 0 

8.7 

5.8 


8 * Salted, 
u « Unsalted. 

Yeast count on cream varied from 4,700,000 to 7,500,000. 
Oidia count on cream varied from 1,300,000 to 2,350,000. 


TABLE 8- 
Plant 8 


SAMPLK 

NUMBBB 

QBADE or 
CBBAM 

1 

ecoBK or 
BUTTEB 

OXIDIZABXLITT YALUB 

AMINO NITBOOBN ANB 
AMMONIA AS PBRCENT OT 
TOTAL NITBOOBN 

Cream 

Butter 

Cream 

Butter 

1 

1 

918 


2.9 

6 8 

5.0 

2 

1 

89s 


3.5 

7.8 

4.2 

3 

1 

91s 


3.6 

8.0 

4.9 

4 

2 

89s 


8.8 

8.6 

6.1 

5 

' i 

89s 


1.8 

8.7 

4.8 

First grade average. . 

90 


2.9 

7.8 

4.7 

Second grade average 

89 


8.8 

1 8.6 

5.1 


8 *» Salted. 

Yeast count on cream varied from 140,000 to 1,650,000. 
Oidia count on cream varied from less than 6,000 to 170,000. 
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TABLE 9 
Plant 9 


BAMFLa 

irUMBBB 

OBADB or 

CBBAy 

CBBAM 
SAKPLB FOB 
OXIDIZABILITT 
VALUa IN 
TBANsrr 

8COBB OP 
BUTTBB 

oxiDizABiLrrr talub 

AMINO NITBOOXN and 
AMMONIA AT PBB CXNT 

1 OP TOTAL NtTBOOBN 

CreAm 

Butter 

Cream 

Butter 



dapt 






1 

1 


90b 



6.5 

3.2 

2 

1 


90s 



7.1 

i 3.8 

3 

1 

3 

89s 

46.7 


7.9 

5.7 

4 

2 


85*u 



8.4 

15.6* 

5 

2 

5 

83*u 1 

46.0 

9.1 

9.3 

13.8* 

6 

2 

3 

88^u ! 

67.8 

8.2 

10.5 

9.3* 

First grade average. 

89i i 

46.7 

5.1 

7.2 

4 2 

Second flrrade averasre . 


56.9 

• 

00 

9 4 

12.9 


8 « Salted, 
u *» Unsalted. 

• The samples of butter from the above creamery were delayed in transit 
88 days, which is probably the cause of the unusual results on the unsalted butters. 
Yeast count on cream varied from 1,750,000 to 4,900,000. 

Oidia count on cream varied from 900,000 to 3,5.%,000. 


TABLE 10 
Plant 10 


SAMPLK 

NUMBER 

OBABB OP 
CREAM 

1 

fICORE OF 
BUTTER 

OXIDIZABILITT VALUE 

AMINO NITROOBN AND 
AMMONIA Aft PER CENT OF 
TOTAL NITROGEN 

Cream 

Butter j 

Cream 

Butter 

1 

1 




7.3 


2 

1 

878 


4.3 

7.7 

4.7 

3 

1 

8 


0.3 

8.3 

4.7 

4 

2 




8.6 


5 

2 

8 


3.4 

8.8 

6.1 

6 

1 

868 


4.4 

9.4 

6.1 

7 j 

2 




10.5 


First grade average. ... 



MM 

8.2 

5.2 

Second grade average .. 



Hi 

9.3 

6.1 


s a" Salted. 

Yeast count on cream varied from 760,000 to 2,730,000. 
Oidia count on cream varied from 60,000 to 410,000. 
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ture and analyzed by the same procedure used in previous 
work.!’* * Water, fat and total nitrogen were detennined on all 
the butter samples and inasmuch as these results were normal they 


TABLE 11 

Plant 11 


SAMPLE 

KUMBER 

GRADE or 

CREAM 

CREAM 
SAMPLE FOR 
OXXDZZ ABILITY 
VALVE IK 

SCORE or 
BCTTER 

OXIDIZABILITY VALUE 

AMINO NITROGEN AND 
AMMONIA AS PER CENT 
or TOTAL NITftOOEN 



TRANSIT 


Cream 

Butter 

Cream 

Butter 

1 

1 

day« 

2 

90s 

73.6 

4.1 

7.0 

5.0 

2 

1 

2 

898 

69.8 

6.6 

7.4 

5.4 

3 

1 

7 

S9s 

74 5 

4 1 

7.5 

5.4 

4 

^ 1 

3 

89s 

87.2 

4.3 

8.7 

4.9 

5 

2 

6 

88s 

88.6 

4.1 

11.7 

6.0 

6 

2 

3 

^ 88s 

85.1 

5.3 

12.2 

4.7 

First grade average. 

89i 

76.3 

4.5 

7 6 

5 2 

Second srade average. 

88 

86.8 

4 7 

11 9 

5 3 


B « Salted. 

Yeast count on cream varied from 3,250,000 to 13,550,000. 
Oidia count on cream varied from 1,900,000 to 4,500,000. 

TABLE 12 
Plant JB 


SAMPLE 

NUMBER 

GRADE OF 
CREAM 

CREAM 
SAMPLE FOR 
03UDIZ ABILITY 
VALUE IN 
TRANSIT 

SCORE OF 
BUTTER 

OXIDIZABILITY VALUE 

AMINO NITROGEN AND 
AMMONIA AB PER CENT 
OF TOTAL NITROGEN 

Cream 

Butter 

Cream 

Butter 



day 






1 

1 

3 

S8s 

49.3 

6.8 

7.5 

4.2 

2 

1 

2 

90s 

36 8 

7.1 

8.6 

3,7 

3 

1 1 

3 

898 

47.3 

6,2 

8.9 

4.4 

4 

1 

2 

90s 

41.9 

6.8 

9.2 

4.1 

5 

2 

4 

87u 

45.7 

8.7 

11.9 

6.7 

6 

2 


88u 


8.5 

12.2 

6.8 

First grade average. 

89i 

43.8 

6.7 

8,5 

4.1 

Second in*ade average. 

m 

45.7 

8.6 

12.0 

6.7 


s »* Salted, 
u » Unsalted. 

Yeast coimt on cream varied from 4,000,000 to 7,975,000. 
Oidia count on cream varied from 1,175,000 to 3,175,000. 
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have not been recorded here. The total nitrogen varied from 
0.039 to 0.121 per cent. The results obtained for oxidizability 
value and amino nitrogen and ammonia as per cent of total 
nitrogen on cream and butter and the score of the butter have 
been tabulated, the samples from each creamery being arranged 
according to ascending value for amino nitrogen and ammonia 
as per cent of total nitrogen on the cream. Both salted and 
unsalted butters were examined as indicated in the tables. For 


TABLE 13 
Plant IS 


flAUPt.1: 

WUMBICB 

1 

GJIADE OP ! 
CREAM 

CREAM AAMPLE 
FOR OXIDIE- ; 
ABILITY VAJb- 

SCORE 

OF BUTTER 

OXIBIZABILTTT VALUE 

AMINO NITROQEN AND 
AMMONIA A8 PER CENT 
OF TOTAL NITROGEN 



tlElNTBANMIT 









cream 

butter 

cream 

butter 




({ay$ 






1 

1 

2 

90u 

62 7 

3 7 

9.0 

5.4 

2 

1 

4 

90iu 

67 8 

3 8 

9 2 

1 5.8 

3 

1 

2 

89u 

08 5 

4 8 

9 8 

7 2 

4 

1 

I 

OOu 

46 1 

4 1 

10.0 

5 8 

-5 

1 


90u 


3 8 

10 0 

7.1 

6 

1 2 

4 

87s 

54 1 

; 4 8 

11 5 

5.6 

7 

2 


87s 


4 3 

13 1 

4 3 

8 

n 

3 

878 

44 2 

3 5 

13 3 

6 0 

First grade average. 


G1 3 

4.0 

9 6 

6.3 

Second grade average. 

87 

4!) 1 

4 2 

12.6 

5.3 


B « Salted, 
u « Unsalted. 

Yeast count on cream varied from 5,500,000 to 9,900,000. 

Oidia count on cream varied from 1,650,000 to 5,250,000. 

easy comparison, the averages for each plant have been assembled 
as shown in table 14. The distinction as to grades of cream 
refers in each case to the grading of the plant itself. Butter is 
described as first or second grade to show that it was made from 
a first or a second grade cream in each case and without consider¬ 
ation of score given to the butter. 

Plants no. 1 and no. 2 were receiving sweet cream of high 
quality, practically no yeasts or oidia‘ being found in all the 

* The determination of yeasts and oidia in cream and butter, H. W. Hedheld. 
Journal of Dairy Science, v, no. 1, January, 1922. 
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samples. All the butter samples from no. 1 were from cream 
churned without the addition of starter, with the exception of 
sample no. 5. Of the butter samples from plant no. 2, all were 

TABLE 14 


Average results on all plants 


PLAKT KtniBBJt 

■coxa oy 
BxnrxB 

OXXSIIABILITT TALUB 

AlflNO iriTXOOBir AKX 
AMMONIA AS XKX OXNT 0» 
TOTAL NJTBOQXN 


Cream 

Butter 

Cream 

Butter 


First grade 


1 

93^ 


1.1 

1.6 

1.2 

2 

93y\ 


0.4 

1.8 

0.8 

3 

89 


1.8 

6.6 

2.7 

4 


46.0 

2.6 

6.3 

3.4 

6 

89tV 

45.0 

4.6 

7.0 

4.8 

6 

92 


4.3 

7.0 

4.9 

7 

90 

51.5 

5.4 

7.5 

5.6 

8 

90 


2.9 

! 7.8 

4.7 

9 

89} 

40.7 

5.1 

7.2 

4.2 

10 



3 0 

8 2 

5.2 

11 

89i 

76.3 

4.5 

7.6 

5.2 

12 

89i 

43 8 

6.7 

8.5 

4.1 

13 

89i\ 

61.3 

4.0 

9.6 

6 3 


Second grade - 


1 






2 






3 






4 

84# 

60.8 

8.7 

8.1 

4.7 

5 

88 

61.0 

6.6 

8.8 

5.4 

6 

89| 


7.4 

8.7 

5.2 

7 

88i 

63.5 

8.0 

8.7 

' 5.8 

8 

89 


8.8 

8.6 

5.1 

9 

85} 

56.9 

8.9* 

9.4 

12.9^ 

ID 



3.4 

9.3 

6.1 

11 

88 

86.8 

4.7 

11.9 

6.3 

12 

87} 

45.7 

8.6 

12.0 

6.7 

13 

87 

49.1 

4.2 

12.6 

6.3 


* See footnote plant no. 9, table 9. 


from cream containing starter except no. 2. The butter from 
both of these plants scored 93 to 94. The average oxidizability 
value on the butter was 1.1 and 0.4. The average amino nitro> 













OXIDIZABILITY OF CREAM AND BUTTER 


421 


gen and ammonia as per cent of the total nitrogen was 1.6 and 
1.8 on the cream and 1.2 and 0.8 on the butter from plants no. 1 
and no. 2, respectively. 

Plant no. 3 was a small creamery receiving cream from short 
hauls; however, the cream was sour and was pasteurized and 
churned without having the acidity reduced. The cream con¬ 
tained from 1,600,000 to 4,400,000 yeasts and from 230,000 to 
420,000 oidia. The average oxidizability value on the butter 
was 1.8. The average amino nitrogen and ammonia as per cent 

TABLE IS 


Amino nitrogen and ammonia as per cent of total nitrogen^ showing range for first 
and second grades of cream 


PKJkJVT Huy BIB 

BIBBT QBADB 

BBCOMD 

QBADX 

Minimum 

MAximum 

Minimum 

Maximum 

1 

1.1 

2.0 



2 

1.5 

2,1 



3 

5.5 

5 8 

i 


4 

5 5 

6.9 

7.7 

9.1 

5 

6 4 

7.7 

8.7 

9.0 

6 

7 0 

7.1 

8.4 

9.1 

7 

6.7 

8.0 

8.5 

8.9 

8 

6 8 

8.0 (8.7) 

8.6 


9 

6.5 

7.9 

8.4 

10.5 


7.3 

8.3 (9.4) 

8.6 

10.5 

11 

7.0 

8.7 

11.7 

12.2 

12 

7.5 

9.2 

11.9 

12.2 

13 

9.0 

10.0 

11.5 

13.3 


of the total nitrogen was 5.6 on the cream and 2.7 on the butter, 
and the score of the butter was 89. 

Plant no. 8 received sour cream from short distances, the 
samples collected containing from 140,000 to 1,650,000 yeasts 
and from less than 5,000 to 170,000 oidia. The acidity of the 
cream was reduced to about 0.4 per cent before churning, which is 
higher than the general practice among centralizers. Only one 
of the samples of cream from this plant was classed as second 
grade. The average oxidizability value on the first grade butters 
was 2.9, and 8.8 on the second grade sample. The average amino 
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nitrogen and anunonia as per cent of the total nitrogen on the 
first grade samples was 7.8 for the cream and 4.7 for the butter, 
and for the second grade sample, 8.6 and 6.1, respectively. The 

TABLE It 


Showing results of chemical and bacteriological examinations of cream from 
plants no, S and no, 8. 


RAMPt.K 

MUMBSB 

AiriNOKl* 
TROOEN 
AXI) AM¬ 
MONIA AB 
PERCENT 

AQB or 
CREAM 

MICBOaCOPlC COUNT 

DEBCRimON OP BAMPLR 


OF TOTAL 
NITROOKN 


yeaata 

oulta 


1 

2.7 

days 

7 

12,000,000 

500,000 

Low acid; slightly stale 

2 

3.7 

3 

450,000 

270,000 

Low acid; clean flavor 

3 

4.0 

4 

820,000 

215,000 1 


4 

4.1 

7 

280,000 

2,630,000 

Medium acid; slightly stale 

5 

4 6 

4 

100,000 

680,000 

Clean ^avor; low acid 

6 

4 7 

4 

650,000 

130,000 

Clean flavor; low acid 

7 

4 9 

5 

670,000 

940,000 


8 

5.3 

3 

130,000 

! 20,000 

Medium acid; clean flavor 

9 

5 4 

3 

440,000 

340,000 

Composite of 13 batch 

10 

5 5 


1,600,000 

i 

230,000 

samples 

Medium high acid; not 

11, 

5.8 


4,400,000 

420,000 

appreciably stale 

Acidity 0.65 

12 

6 0 

6 

4,500,000 

950,000 

Medium acid; clean flavor 

13 

6.3 1 

4 

500,000 

145,000 


14 

6.5 


850,000 

90,000 

Acidity 0.82 

15 

6.6 


760,000 

75,000 

First grade 

16 

6 8 

2 

140,000 

-5,000 

Acidity 0.65 

17 

6 9 

3 

370,000 

15,000 

Acidity 0.81 

18 

7.2 

6 

200,000 

860,000 

Medium acid; clean flavor; 

19 

7.8 

3 

600,000 

15,000 

lumpy 

Acidity 0.89. 

20 

8.0 


800,000 

150,000 

First grade; acidity 0.89 

21 

8.6 


1,650,000 

170,000 

Second grade 

22 

8.7 


910,000 

50,000 

First grade; acidity 0.84 

23 

8.7 

3 

2,600,000 

150,000 

i Whey cream. 

24 

10.3 


1,000,000 

85,000 

Acidity 0.78 


second grade butter scored 89 and the first grade samples scored 
from 89 to 91. 

All of the remaining plants belong to the centralizer class, 
receiving sour cream, some of which contained more or less 





OXIDIZABILITY OP CREAM AND BUTTER 


423 


flavors. This cream was divided into first and second grade, each 
grade beii^ churned separately. Samples of cream and butter 
of both grades were secured during the months of Jxme, July and 
August, 1921, from each of these plants, the yeast count on the 
cream varying from 140,000 to 13,550,000 and the oidia count 
from 60,000 to 5,250,000. The oxidizability value was high on 
all the samples of cream examined, averaging from 43.8 to 76.3 
for the first grade samples and from 45.7 to 86.8 for the second 
grade samples. The values on the butters averaged from 2.6 to 
6.7 for the first grade and from 3.4 to 8.9 for the second grade 
samples. With the exception of the results from plant no. 13, 


TABLE 17 

Showing increase in amino nitrogen and ammonia as per cent of total nitrogen on 
cream samples sent through mail and containing no preservative 


0AMPtB irCMBBB 

OATS HRLD IK 
MAIL 

AMINO NITROOKN AND AMMONIA 

A» PER CENT OF TOTAL 

NITROOBN ! 

1 

XNCRSASa 

A 

B 


1 

3 

7 0 

12 3 

4 4 

2 

3 

10.5 

13 4 

2.9 

3 

4* 

9 2 

13 5 

4 3 

4 

4* 

i 11 5 

15-7 

4.2 

5 

3 

! 7 6 

13.2 

5.6 

6 

3 1 

1 H 9 1 

11.0 

2.1 


* Two days in ic© box after received. 


the average oxidizability value was higher on the second grade 
than on the first grade samples from each plant, respectively. 

When the samples from each plant are arranged according to 
ascending values for amino nitrogen and ammonia as per cent of 
total nitrogen on the cream, it is observed that the first and 
second grades are separated. With only two exceptions, sample 
no. 5, from plant no. 8, and sample no. 6, from plant no. 10, the 
second grade creams have a higher figure for amino nitrogen 
and ammonia as per cent of the total nitrogen than the first 
grade creams from the corresponding plant. The significance of 
this fact is that in samples of cream which, according to the 
.judgment of cream graders, will produce an inferior quality of 
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butter, there are present increased amounts of decomposition 
products measurable by chemical means. 

Table 15 shows the maximum and minimum figure for first 
and second grades of cream from each plant. It is evident from 
these results that differ«it cream graders working under different 
conditions will have different standard qualities as measured by 
the amino nitrogen and ammonia as per cent of the total nitrogen, 
for separating first and second grade cream. The standard any 
one grader will have will depend primarily upon the kind of- 

TABLE » 


Showing re$ulU on authentic eampUe of milk from individual cows 


mxmmwm 

QUARTITT OF 
MILK 

PBKIOD IH 
LACTATIOX 

TOTAL MITBOOIK 

AMINO NlTEOaSN 
AND AMMONIA At 
PaBCBNT OF TOTAL 
NITBOaSN 



month* 

p*r 


1 

12.9 1 

4 

0.504 

2.2 

2 



0.420 

2.3 

3 

8.5 



2.9 

4 

11,0 

7 

0.415 

3.3 

5 

18.6 

4 

0.443 


6 

8.5 


0.471 

3.6 

7 


4 

0.448 

2.7 

8 


0,437 

2.4 

9 

9.5 

2 

0.392 

2.7 

10 


2 

0.415 

3.2 

11 

12 

2 

0.521 

2.6 

Averag6..... 

2.8 

MiLTimiirn... 

3.6 

MinimiiTTi... 

2.2 




cream he receives and the grade of butter he desires to 
manufacture. 

That these samples of cream containing the higher percentage 
of decomposition products actually produced inferior butter is 
shown by the fact that the average score on the second grade 
samples in every case is lower than .on the first grade samples. 
In a general way, the amino nitrogen and ammonia as per cent 
of the total nitrogen on the butter agrees with that on the cream 
from which the butter was made. The fact that there is not a 
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strict correlation between cream and the resulting butter may 
be attributed to the details of manufacture, particularly the 
amount of starter added and the thoroughness of washing out 
the buttermilk. It is noticeable, however, that there is a wide 
difference between the results on the high scoring butters from 
plants nos. 1 and 2, and the results on the butters from the 
centralizing plants. The highest figure on the high grade butters, 
scoring 93 to 94, was 1.8, while on the remaining samples with 
the lower scores the results varied from 2.5 to 7.2 for first grade 
and from 3.5 to 7.5 for second grade butters. 

The above results show that the amino nitrogen and ammonia 
as per Cent of the total nitrogen gives a good indication of the 
quality of a given sample of cream for butter making. While 
the above recorded samples were being collected at plants no. 3 
and no. 8, more samples of cream were taken from individual 
cans from farmers delivering their cream at known intervals. 
The results of the examination of these samples are shown in 
table 16, the samples being arranged according to increasing 
values for amino nitrogen and ammonia as per cent of the total 
nitrogen. This figure is not correlated with the age of the cream 
or the microscopic count of yeasts and oidia. It seems that the 
temperature at which cream is held is a more important factor 
than time in controlling decomposition. 

In order to show the approximate rate of increase of amino 
nitrogen and ammonia under the conditions encountered in this 
work, duplicate portions of the cream samples containing no 
preservative, collected at plants no. 6, no. 7 and no. 13, were 
forwarded to Washington. Column A, table 17, represents the 
condition of sample at the time it was sampled at the plant, and 
column B at the time the samples were examined at Washington, 
the number of days the samples were held being showm in column 
2. The avera^ increase of the amino nitrogen and ammonia 
imder these conditions was found to be about 1 per cent of the 
total nitrogen for each day the samples were held. 

Table 18 shows the amino nitrogen and ammonia as per cent 
of the total nitrogen on 11 authentic samples of milk from 
individual cows. Samples nos. 1 to 10, inclusive, were from 
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Holstein cows milked three times a day and the samples were 
taken at the mid-day milking. Picric acid and acetic acid were 
added to the milk within 30 minutes of the time the milk was 
drawn and all solutions were filtered within two and one-half 
hours. The cows were being fed on a balanced ration of shorts, 
grain, cottonseed meal, silage, etc., and a small amount of pas¬ 
turage. Sample no. 11 was from the morning milking of a Jersey 
cow fed approximately as the above but being milked only twice 
a day. The amino nitrogen and ammonia as per cent of the 
total nitrogen on these samples varied from 2.2 to 3.6, the average 
being 2.8. 

SUMMABY. 

Representative samples of cream and butter from thirteen 
different creameries were examined and it was found that the 
second grade cream contained a greater percentage of the total 
nitrogen present as amino nitrogen and anomonia than the first 
grade cream from the corresponding plants. This value averaged 
from 1.6 to 9.6 on cream producing first grade butter and 8.1 
to 12.6 on cream that produced second grade butter. The 
results on the corresponding butters varied from 0.8 to 6.3 for 
the first grade and from 4.7 to 6.7 for the second grade samples. 
The butter from the cream containing the smaller amounts of 
amino nitrogen and ammonia as per cent of the total nitrogen 
scored from 93 to 94, while there was a general decrease in score 
on the butters from the cream having the higher value. The 
oxidizability value varied from 0.4 to 6.7 on the first grade 
butter and from 3.4 to 8.8 on the second grade butter, being 
higher, in general, on samples having the lower scores. Eleven 
authentic samples of fresh milk from individual cows gave values 
for amino nitrogen and ammonia as per cent of the total nitrogen 
varying from 2,2 to 3.6. 



A STUDY OF THE ACTION OF CERTAIN BACTERIA, 
YEASTS AND MOLDS ON THE KEEPING QUAL¬ 
ITY OF BUTTER IN COLD STORAGE* 
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Received for publication May 26, 1923 

The development of the practice of cold-storing butter, manu¬ 
factured during the Spring and early Summer, for sale during 
the Winter months has resulted in much work being done to deter¬ 
mine the factors which influence the keeping quaUty of butter in 
cold storage; for, to the consumer, butter is as old as it tastes, 
whether it is a week old or six months old is immaterial to him, 
and if the butter has deteriorated in flavor it means a consequent 
depreciat ion of its commercial value, 

Sayer, Rahn and Farrand 1908 (23) reviewed the literature 
relative to the keeping qualities of butter and Rahn and lus 
co-workers 1909 (18) stated “It may and possibly is the type of 
microorganism present that is of importance, and the enzyme or 
disintegration products therefrom.” Rogers and co-workers 
1912 (20) stated “Butter frequently undergoes marked changes, 
even when stored at very low temperatures. These changes 
are more marked as the acidity of the cream from which the 
butter is made increases. ” Brown 1915 (3) concluded that the 
casein in butter during storage is slowly broken down into amino 
acids and ammonia. Dyer 1916 (4) stated “The production of 
off flavors so commonly met with in cold storage butter is attrib¬ 
utable to a chemical change expressed through a slow oxidation 
progressing in some one or more of the non-fatty substances 
occurring in the butter. The extent of the chemical change is 

^ A summary of work carried out m partial fulfilment of the requirements for 
the Degree of Doctor of Philosophy, Iowa State College. 
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directly proportional to the quantity of acid present in the cream 
from which the butter was prepared.” Hammer 1917 (7) 
reviewed the literature upon the production of fishy flavor in 
milk and butter and stated that Bad. ichOiyosmius failed to 
produce fishiness when inoculated into butter. Washburn 
and Dahlberg 1917 (25) concluded that little if any relationship 
existed between the bacteria, the acidity and the score of the 
butter. Russell and Hastings 1920 (22) stated "In general it 
may be said that any and all t 3 T)es of organisms in the cream 
affect the keeping quality of the butter, to a greater or less 
extent, in an unfavorable manner, while the lactic bacteria seem 
to be the least injurious of all organisms.” Hunziker 1920 (12) 
and Redfield and Stocking 1921 (19) agree that the quality of 
the cream largely governs the keeping quality of the butter 
in storage. Bouska and Brown 1921 (2) stated “The de¬ 

terioration of butter is mainly the result of physical or bio¬ 
chemical causes. An indirect part may be played by micro¬ 
organisms. ” Hammer 1921 (10) discussing butter flavors stated, 
“When butter is held in storage it may go rancid, fishy, metallic, 
unclean, or any one of a number of other flavors. The temper¬ 
atures usually used for the storage of butter are so low that the 
growth of microorganisms is very unlikely, and it is now believed 
that the deterioration in flavor is due to slow chemical change. ” 
Fryhoffer 1922 (5) stated “One thing commonly agreed upon is 
that acid in cream is essential to the development of fishy flavor. ” 
As a result of work carried out at the Iowa State College, Morten- 
sen 1922 (16) stated “Butter made from ripened cream deteri¬ 
orates faster than either butter made from sweet cream or from 
sweet cream and starter, but—where low ripening was employed, 
the ripened butter at the end of a two months cold storage period 
was about of the same quality as the sweet cream butter and the 
sweet cream and starter butter.” The lack of agreement as to 
the cause of deterioration of butter in cold storage led to the 
work herein described. 
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STATEMENT OP THE PROBLEM 

The object of the work carried out was to determine the action 
of certain bacteria, yeasts and mold on the keeping quality of 
butter in cold storage. Bacteriological studies were made of 
the numbers and flora of the raw sweet cream and of the pas¬ 
teurized sweet cream, and of the butter made therefrom, to seek 
to determine if any of these were a factor in the keeping quality 
of the butter in cold storage, and also serve as a check upon the 
other experiments. To determine the influence of the acidity of 
the cream the pasteurized sw'eet cream w^as divided into several 
portions and starter added and churning experiments made with 
cream of different acidities, both with and wdthout the addition 
of various microorganisms. As the enzjmes in the cream were 
not destroyed at the pasteurization temperature of 145°F. for 
twenty-five minutes it w^as sought to determine if the enzymes 
produced or other disintegration products of the bacteria were a 
factor in the keeping quality of the butter in cold storage. The 
starters used were prepared from Streptococcus lactis and Strep¬ 
tococcus paracitrovorus (8) as it was hoped that the use of cul¬ 
tures, which give a good flavor and aroma, without rapid acid 
development, would result in the production of butter wdth 
exceptional keeping qualities. 

METHODS USED 

The raw sw'eet cream delivered at the Iowa State College was 
pasteurized at 145°F, for twenty-five minutes and treated as 
follow's; 

1. Pasteurized sweet cream, acidity 0,14 to 0.21. 

2. Pasteurized sweet cream with 10 per cent starter added, 
not ripened. 

3. Pasteurized sweet cream, starter added, ripened to serum 
X 0.0063. 

4. Pasteurized sweet cream, starter added, ripened to an 
acidity 0.50 to 0.61. 

Lots 2, 3, and 4 were divided into two or more portions of 
110 to 140 pounds each, and to one or more duplicates before 
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churning a pure culture of the microorganisms to be tested was 
added. The material added consisted of 50 to 100 cc. milk 
culture, seventy-two hours old, plus the scraped off seventy-two 
hour old growth on two whey agar slants. The incubation was 
at room temperature. Every effort was made to standardize 
workmanship in manufacturing the butter. The moisture content 
was kept as near 16 per cent as practicable and the salt content 
ranged between 1.5 and 2.1 per cent. Bacteriological studies 
w'ere made of the cream before churning and of the butter when 
manufactured and when finally scored. The butter was packed 
in ten pound tubs and stored for from six to seven months at 
—6°F, The bacteria used were, in addition to those in the 
starter, (<S. lactic and S. paracitrovorus). 

Bacterium ichthyosmius (7). 

Peptonizing coccus. Digested milk in from two to four days, 
at 20®C. The mold used was Oidium lactis, as this is the mold 
usually found in dairy products. 

Owing to the unsatisfactory condition of the classification of 
dairy yeasts, it is not possible to give definite names to the 
organisms used, but the following was used as a basis for the 
series of the experiments. 

1. Forming regular white colonies on whey agar, 

A, Lactose fermenters (9). 

B, Common white. 

Three types of common white yeasts were used in these 
experiments. 

A. Large oval yeast, makes milk alkaline in from eighteen 

to twenty-one days at 20'’C. 

B. Large oval yeast, sweet curdles milk in from eleven 

to seventeen days at 20°C. 

C. Large oval yeast, spore-forming, inert in milk. 

2. Forming spreading colonies on whey agar. 

A. Mycoderma. Inert in milk. 

B. Rapid liquefying yeasts. Liquefy milk in from two 

to three days at 20°C. 

3. Pink yeasts. 
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Whey agar was used for plating cream to which starter had 
been added and the butter manufactured therefrom. Whey 
agar plus 1 cc. 1 per cent tartaric acid was used for estimation of 
yeasts and molds in cream and butter. Beef infusion agar was 
used for plating raw sweet cream, pasteurized sweet cream and 
the butter manufactured therefrom, as it was found to give higher 
counts than the whey agar since there are t 3 rpes, mainly micro¬ 
cocci, that will not grow on the latter medium. The bacteria 
were difTerentiated into various groups by the litmus milk tube 
method. The acidity of the butter was estimated by dissolving 
10 grams in 35 cc. ether and 10 cc. alcohol and, using phenol- 
phthalein as indicator, titrating with tenth-normal sodium 
hydrate solution. All counts reported are total plate counts. 

RESULTS OBTAINED 

Data relative to the acidity, the bacterial count and the types 
of bacteria found in the raw and pasteurized sweet cream are 
given in table 1. There were 28 lots of cream studied during 
the period from June to November, 1922. The cream was 
pasteurized at 14o°F. for twenty-five minutes. 

In the raw cream the high bacterial counts and the pre¬ 
dominance of (8. lactis will be noticed. Wlien the acidity of the 
cream reached 0.20 and o-\’er, <8. lactis formed 80 per cent or over 
of the total flora. There was no definite relationship between 
the flora of the raw cream and its acidity when the acidity was 
0.18 or less, nor between the total bacterial count and the acidity. 
This is to be expected since the acidity depends on the acid- 
producing organisms present, and whether their environment is 
suitable or not, whereas the total count is the sum of several 
different types. Rennet-acid digesting micrococci and pro¬ 
teolytic types were present to the extent of approximately 1 per 
cent each in the raw cream; approximately 2 per cent of the 
flora consisted of Bact. viscosum, Ps. fluor. Uqmfadens, Eythro- 
baciUm prodtgiosm and members of the coli-aerogenes group. 
From 50 to 200 Oidium lactis was found in each lot of raw cream 
and from 60 to 3000 yeasts. These yeasts were of the same gen¬ 
eral types as those used in the inoculation experiments. 
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It is evident that the cream after pasteurization contains 
relatively few organisms as compared with the original count, 
but these counts are higher than are usually considered to be 
present in pasteurized sweet cream. In 28 experiments the 
average pasteurization eflBciency was 99.55 per cent, which is 

TABLE 1 

Acidityt bacterial count and types of bacteria found in raw and pasteurized 


sweet cream 

(Summary of results obtained from 28 experiments 
(Raw sweet cream) 



ACIDITY 

i 

BACTERIA 
PER CUBIC 
CENTI¬ 
METER— 
MILLIONS 

PER CENT TYPE 

A 

B 

C 

D 

E 

F 

Average. 

0.18 

210 

71 

14 

5 

14 

4 

2 

Maximum. 

0 21 

388 

96 

33 

22 

50 

31 

17 

Minimum. 

0 14 

65 

32 

0 

0 

0 

0 

0 


Pasteurized sweet cream 



BACTERIA 
PER CUBIC 
CENTI¬ 
METER— 
TMOCBANDS 

EFFICIENCY 

OF 


PER CENT TYPE 



PASTEUR¬ 

IZATION 

C 

D 

1 

K 

F 

Y 

Average 0,17. 

i 957 

cent 

99.55 

. 34 

56 

8 

2 

3 

Maximum, 0 20. 

4,100 

99.93 

91 

94 

47 

23 

11 

Minimum 0 13. 

185 

as.5^4 

0 

13 

0 

0 

0 


A = 8. lactis. B = S. lactis var maliigenae, C « Slow 6'. lactis type. D ~ 
Acid-forming, non-coagulating type. E = Alkali-forming type. F « types 
inert in milk, Y « gram positive micrococci producing yellow pigment. Column 
Y is included under Column D since they are acid-forming non-coagulating. 
Column B is included under column A since S. lactis var maliigenae belonga to 
the S, lactis group. The organisms included under slow S. lactis are so-named 
for want of definite knowledge of this group. They slowly reduce litmus milk 
and finally coagulate it after from 4 to 8 days. 

slightly lower than the efficiency of 99.93 per cent which was 
previously reported (6). The difference may be due to the media 
used; in the previous work the pasteurized sweet cream was 
plated on whey agar; and this did not permit various micrococci 
to grow, thus giving lower counts and consequent higher pas¬ 
teurization efficiency. The typical S. lactis type was not found 
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in the pasteurized cream, and since it was present in the sweet 
cream butter, it is probable that the cells surviving pasteuri¬ 
zation were missed in the dilutions used, or suffered injury during 
pasteurization and showed an abnormal lag phase, and were 
included in the slow S. lactis group. S lactis var. maUigenae was 
not found in the pasteurized cream nor in the butter, so it seems 
evident that it does not survive a pasteurization temperature 
of 145°F. for twenty-five minutes. The main surviving types 
were the slow S. lactis and the acid-forming, non-coagulating 
types. In this latter group were identified S. paracitrovonis 
and lactic acid producing, non-citric acid fermenting Gram posi¬ 
tive streptococci, which included a thermophilic t 3 Tpe which 
grew best at 45°C., grew well at 37°C, and poorly at 20°C. There 
were also found two types of Gram positive micrococci, easily 
differentiated because one produced yellow pigment and one did 
not on the media used. The percentage of the yellow pigment¬ 
forming type tended to increase with decreasing bacterial counts. 
They were not found in the raw cream, probably owing to the 
high dilution used (1 to 1,000,000). 

The alkali-forming group, which according to Ayers and his 
co-worker.s (1) are primarily soil organisms, largely decreased in 
number during pasteurization, ])ut increased in relative amount. 
No member of this group was found in 12 out of the 28 experi¬ 
ments. The group of bacteria inert in litmus milk largely 
decreased in number during pjisteurization, but held their 
relative percentage of the flora. They were found in 8 out of 
28 experiments. The aerobic spore-forming bacteria were not 
identified in the pasteurized cream, bi|t w^ere found in some of 
the butter when taken out of cold storage. They were probably 
missed in the high dilutions used for placing the cream (1 to 
10,000). No molds nor yeasts were found in the pasteurized 
cream. Lund (14) and Thom and Ayers (24) have shown that 
Oidium lactis will not survive heating at 145°F. for ten minutes, 
and the number of yeasts originally present in the raw cream 
was too small to draw any conclusion as to their ability to survive 
pasteurization. 
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Data relative to the action of Bact. ichthyosmius and a 
peptonizing coccus on the keeping quality of butter cold-stored 
for six months at—6“F. are given in table 2. Although the butters 
to which proteolytic bacteria were added decreased somewhat 
in score, the decrease was not enough to indicate that the addi¬ 
tion of the proteolytic bacteria was an important cause of de¬ 
terioration in butter in cold storage. Bact. ichthyosmim was 
inoculated into cream ripened to 0.50 per cent and into cream 
to which starter had been added, but not ripened. The results 


TABLE 2 

Action of proteolytic bacteria on the keeping quality of butler in cold-storage 


SCORINQ 

OFSJXPlSRr- 

MENTB 

j ACmiTV OF 

I CREAM 

. MICROi!)llGAm8M 

j INOCHLATP-D 

SCORED 

Initial... 

2 

0 50 

A 

02.75 

Final. 



1)1.75 

Initial. 

1 

0 50 

Check experiment 

02.5 

Final. 

92.5 

Initial. 

3 

i 

0 22 

A 

92.18 

Final. 



91.83 

Initial. 

1 

022 

Check experiment 

92.0 

Final. 


92.0 

Initial. 

3 

i 0.50 

B 

93,00 

Final. 


02.17 

Initial. 

1 

0.50 

Check experiment 

92.5 

Final. 


02.5 






A =* BacL ichthyosmius. B * Peptonizing coccus (peptonizing coccus was a 
Gram positive peptonizing micrococcus isolated from raw sweet cream). 


indicate that the acidity*of the cream did not favor the produc¬ 
tion in the butter of undesirable flavors as a result of the action 
of proteolytic bacteria. 

Data relative to the action of various types of yeasts on the 
keeping quality of butter made from cream ripened to varying 
acidities and cold stored for six months are given in table 3. 
Considering that flavor and aroma are qualities in butter that 
are difl&cult to give a definite value to when scoring at different 
intervals, it will be seen that the scores of the butter made from 
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the uninoculated cream and the inoculated cream agree very 
well. Although in many experiments there was some decrease 
in score, a study of the figures show that the yeasts were not a 
factor in the keeping quality of the butter in cold storage, and 
that their action was not influenced by the acidity of the cream 
since the yeasts were inoculated into cream of varying acidities 
and in several cases the check experiments decreased in score 
more than the butter made from inoculated cream. Home types 
of yeasts were more resistant to the adverse conditions than 
others. Pink yeast and Mycoderma did not survive' while 80 
to 98 per cent of the lactose fermenting types {T. cremoris and 
T. sphaerica) and Common White types died off in cold storage. 
The most resistant type was the Digesting yeast of which an 
average of 43 per cent survived. From 10 to 25 per cent of the 
yeast count per cubic centimeter in cream was found per cubic 
centimeter in butter, except with the pink yeast which apparently 
found conditions adverse from the start. 

Date relative to the action of (a) Oidium lactis and yeasts and 
(b) Oidium lactis alone, inocuhited into cream at varying acidi¬ 
ties, in relation to the keeping quality of butter in cold storage 
are given in table 4. 

Although there was a decrease in score of the butter, it is evi¬ 
dent that the combination of yeasts and Oidium lactis, or 
Oidium lactis alone did not cause deterioration in cold storage, 
and that the acidity of the ripened cream did not favor deteri¬ 
oration by these microorganisms. These results confirm those of 
Rogers 1909 (21) who was unable to produce fishy butter by the 
inoculation of Oidium lactis into cream, although O’Callaghan 
1907 (17) had claimed that Oidium lactis produces fishiness in 
butter. The fact that no Oidium lactis survived in the cold 
storage butter shows that it was in an unfavorable environment. 

Data relating to the bacterial count, flora and score of sweet 
cream are given in table 5. The data shows that organisms of 
the various groups can survive in butter that has been cold stored 
six months at — 6°F. The acid-forming, non-coagulating type 
formed 70 per cent of the flora at the initial scoring and 80 per 
cent at the final scoring. It is evident that 5. paracitrovorus, 



TABLE 3 

Action of yeasts on the keeping quality of butter in cold-storage 
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TABLE 4 


Action of Oidium Ictciis and yeasts and Oidium laciis alone on the keeping qualiiy 

of butter in cold storage 


aCOBtNQ 

NUM- 

BBBOr 

KX- 

PB5KI- 

MENTS 

ACIDITY 

OF 

CBEAM 

MrCBO^RQAKtSM USED 

NUMBER 

IN 

CREAM 

NUMBER 

IN 

BUTTER 

SCORE 

ZMORRA8E 

OR 

DEGREASE 

IN 

SCORE 

Initial .. 

7 

0.48 

M plus L 

33,360 Y 

8.100 Y 

02.70 






1.710M 

234 M 



Final.... 





820 Y 

90.93 

-1.77 

Initial .. 

7 

0.48 

Check experiments 



92.57 


Final.... 






91.00 

-1.67 

Initial .. 

3 

0.44 

M 

2.730M 

1.470 M 

92.33 


Final.... 





None 

92.18 

-0.15 

Initial .. 

3 

0.44 i 

Check experiments 



91.83 


Final.... 






91.69 

-0.14 

Initial .. 

2 

0.57 

M 

3.150M 

1.700 M 

92.00 


Final.... 





None 

90.50 

-1.50 

Initial .. 

2 

0.57 

Check experiments 



92.00 


Final ... 






90.75 

-1.25 


M « Oidium lactis. Y » Yeasts. 


TABLE 5 

Bacterial county flora and score of sweet cream butter at initial and final scorir^s 


SCORING 

BACTERIA 
PER CUBIC 
CENTI¬ 
METER— 
THOU¬ 
SANDS 

PER CENT TYPE 

8. lactis 

Slow 

S. lactis 

kon- 
caagulat- 
ing acid 
forming 

Alkali 

forming 

Inert 

Pppton- 

Uing 

Initial*. 

167 

0 

20 

70 

6 

4 j 

0 

Final*. 

141 1 

6 

8 

80 i 

2 

1 

3 



BACTERIA PER CUBIC 






ACIDITY 

CENTIMETER IN 

ACIDITY OF BUTTER 

SCORE 


OF 

BUTTERr-TROUSANDS 

1 





CREAM 









Initial 

Final 

Initial 

Final 

Initial 

Final 

Average*... 

0.18 

167 

141 

1.08 

1 1.17 

91.71 

01,76 

Maximum. 

0.21 

630 


1.40 

1.50 

93.0 

93.0 

Minimum—^. 

0 14 

54 


0.90 

1.00 

00.5 

90.0 


♦ Average of 19 experiments. 
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lactic-acid producing, non-citric acid fermenting streptococci 
and various types of micrococci can resist pasteurization and 
cold storage conditions, and thus show themselves to be very 
resistant to unfavorable conditions. S. lactis was not found in the 
butter when manufactured, but was found after cold storage. 
The butter manufactured from the sweet cream retained 5 to 
30 per cent of the bacteria per cubic centimeter of the cream; 
usually between 20 to 30 per cent was found; and 35 to 100 per 
cent of the bacteria per cubic centimeter originally in the butter 
was found after the cold storage period. It is evident from the 
scores that the butter showed excellent keeping quality, having 
a slightly higher average score when it came out of cold storage 
than it had when it went in and that the flora of the pasteurized 
sweet cream did not cause deterioration in cold storage. 

Data relative to the bacterial count per cubic centimeter of 
the cream, buttermilk and butter; the acidity of the cream and 
butter, and the score of the butter at the initial and final scorings 
are given in table 6. The number of bacteria per cubic centi¬ 
meter as determined by the plate method, in the cream to which 
starter had been added, had no definite relation to the acidity of 
the cream. This is to be expected since the production of 
acidity is a function: (a) of the ratio of S. lactu to S. paracitro- 
vorus, (b) the rate of acid production of the S. lactis inoculated. 
The buttermilk, except in a few instances, showed a higher 
bacterial count per cubic centuneter than the cream did, but no 
definite relationship existed. The following causes are suggested 
as to why a higher count should be obtained per cubic centimeter 
in the butter-milk than in the cream; (a) removal of the butterfat 
containing comparatively few bacteria, (b) breaking up of bacterial 
clumps by agitation during churning. The flora of the cream to 
which starter had been added was found to consist of S. lactis 
and S. paracHrovorus, the S. lactis forming 90 to 100 per cent of 
the flora. Other organisms must have been present, but were 
probably missed owing to the high dilution necessary for plating 
(1 to 1,000,000). 

The butter made from cream to which starter had been added 
and (a) not ripened and (b) ripened to varying acidities, retained 
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TABLE 6 

Bacteriological count of the creamy buttermilk and butter^ acidity of the cream and 
butter and score of butter at initial and final eeoringe 



BACTEBIAL COX7NT 

ACIDHT Of 

aCOBE 

ACIDITT OFCBSAM 

Cream— 
milUoQB 

Butter 

milk- 

millions 

Butter 

BUTTSR 




Initial- 

thou¬ 

sands 

Final - 
thou¬ 
sands 

Initial 

Final 

Initial 

Final 


Sweet cream plus 10 per cent starter (8 experiments) 


Average 

0 28... 

278 

336 

4,100 

95 

1.30 

1.32 

92.56 

92.12 

Maximum, 

0.35... 

530 

610 

8,500 

285 

1.50 

1.50 

94.0 

93.0 

Minimum 

0 22... 

77 

90 

650 

3 

1.20 

1.20 

91 0 

90.0 


Sweet cream plus 10 per cent starter plus added microorganisms (23 experiments) 


Average 

0.27... 

256 

302 

3,250 

91 

1.28 

1.32 

91.94 

91 84 

Maximum, 

0.35... 

510 

600 

7,800 

460 

1.45 


93 5 

94.0 

Minimum 

0.22... 

70 

78 

600 

3 

1.20 

1.15 


90.0 


Sweet cream ripened to serum X 0,0063 (22 experiments) 


Average, 

0.44... 

196 

211 

2,813 

69 

1 55 

1.68 

92.34 

91 00 

Maximum, 

0.46... 

510 

540 

m 

336 

2.00 

2.20 

93.5 

92.5 

Minimum 

0.42... 

67 

73 

li 

1 

1,35 

1.50 

91.5 

88.0 


Sweet cream ripened to serum X 0.0003 plus added microorganisms 
(17 experiments) 


Average, 

0.44... 

105 

127 

1,170 

28 

1.64 

1.75 

92.03 

91.41 

Maximum, 

0.46... 

160 

205 

1,850 

86 

2.20 

2.20 

93.0 

93.5 

Minimum 

0.42... 

63 

78 

440 

2 

1.40 

1.40 

91.0 

88.0 


Sweet cream ripened to from 0.50 to 0.61 (7 experiments) 


Average, 

0.55... 

232 

282 

2,650 

52 

1.96 

1.96 

92 21 

PM 

Maximum, 

0.61... 

550 

730 

5,300 

270 

2.20 

2.40 

92.5 


Minimum 

0.50... 

123 

144 

960 

3 

1.75 

1.75 

91.5 

90.0 


Sweet cream ripened to from 0.50 to 0.61 plus added microorganisms 
(16 experiments) 


Average, 

0.53... 

319 

391 

' 3,305 

78 

1.81 



91.62 

Maximum, 

0.61... 

800 

960 

7,300 

305 

2.35 

2.35 



Minimum 

0,50... 

74 

87 

630 

2 

1.45 
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per cubic centimeter from 0.5 to 2 per cent of the bacteria per 
cubic centimeter of the cream, generally about 1 per cent. The 
flora of the butter was found to consist of S. lactis and S. paracit- 
rovorus, the S. lactis forming 70 to 100 per cent of the flora, usually 
over 90 per cent. The dilution used for plating (1 to 10,000) 
probably accounts for other organisms not being found. The 
average dying off of bacteria during the six months cold storage 
at — 6°F. was over 98 per cent. This, considering the larger 
initial bacterial count of the butter, is in marked contradistinc¬ 
tion to the results obtained with the sweet cream butter. When 
taken out of cold storage, the sweet cream butter often had a 
higher bacterial count per cubic centimeter than the butter 
made from cream to which starter had been added. This seems 
to show that the normal flora of pasteurized cream find an acid 
envdronment unfavorable; also the utilization of the lactose by 
S. lactis and S. paradtrovorus may be a factor. The flora of the 
butter when taken out of cold storage was found to consist 
chiefly of S. lactis and the acid-forming non-coagulating types, 
and usually contained from 100 to 2000 yellow pigment forming 
micrococci per cubic centimeter. S. paradtrovorus was usually 
present. The per cent of S. lactis varied from 0 to 100 per cent, 
but was usually present in some amount. The acid-forming 
non-coagulating type varied from 0 to 100 per cent; usually the 
lower the bacterial coimt of the butter the greater the percentage 
of this type. 

The butter made from sweet cream to which starter had been 
added, but not ripened, had a higher initial score than the 
sweet cream butter. The score decreased on the average 0.44 
points whereas the sweet cream butter increased its score on the 
average 0.05 points, yet the final score was higher by 0.36 points 
than the sweet cream butter. This shows that this method of 
butter manufacture is practicable, and it has the advantage that 
the butter has a flavor which makes it more desirable. 

The average score of the butter made from the unmoculated 
cream, ripened to serum x 0.0063 was 92.34 points. This type 
of butter lost 1.34 points in cold storage, thus having a lower 
average score by 0.76 points than the sweet cream butter, but 
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the average score of 91.0 points after six months cold storage 
shows better keeping quality than is usually credited to this 
type of butter. 

The average score of the butter made from the uninoculated 
cream ripened to 0.50 to 0.61 was 92.21 points. This type of 
butter lost 1.64 points during six months cold storage, and the 
corresponding decrease for the butter made from inoculated 
ripened cream was 0.47 points. The final average score of 
90.67 points for the uninoculated butter and 91.62 points for the 
inoculated butter shows better keeping quality than is usually 
credited to this type of butter, and also that the addition of the 
microorganisms did not cause deterioration. It is also evident 
that while lactic acid may be a factor in deterioration it is not a 
direct cause of it. 

That lactic acid may aid as a factor in deterioration is shown 
by the fact that several churnings decreased from a 92 to an 88 
point score, while the check churning made from the sweet cream 
without the addition of starter retained its score or only slightly 
decreased in score. It is this fact that has led to the association 
of acidity of cream with deterioration of butter in cold storage, 
and the increasing demand for sweet cream butter for storage 
purposes. A proof that S. lactis and S- paracitrovorus are not a 
direct cause of deterioration is shown by the keeping quality of 
the butter made from cream to which starter had been added 
but not ripened. 

The acidity of the butter increased as the acidity of the cream 
increased, but the individual range is so wide, that it seems that 
the acidity of the butter is not in proportion to the acidity of the 
cream, but is influenced by other factors, such as the treatment 
during manufacture, 

CONCLUSIONS 

1. There was an average pasteurization efliciency of 99.55 per 
cent when sweet cream was pasteuri^jed at 145®F. for twenty- 
five minutes. 

2. The bacterial coimt of the ripened cream had little or no 
relation to the acidity of the cream. 
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3. The bacterial count per cubic centimeter of the butter made 
from ripened cream had no definite relation to the bacterial 
count per cubic centimeter of the ripened cream. 

4. The butter made from ripened cream retained per cubic 
centimeter from 0.5 to 2 per cent of the bacteria per cubic 
centimeter of the ripened cream, generally about 1 per cent. 

5. The butter made from pasteurized sweet cream retained per 
cubic centimeter from 5 to 30 per cent of the bacteria per cubic 
centimeter of the pasteurized sweet cream, generally between 
20 to 30 per cent. 

6. From 95 to 99 per cent of the bacteria of the ripened cream 
died off during six months cold storage, generally from 98 to 
99 per cent. 

7. The average decrease in the bacteria in the butter made 
from pasteurized sweet cream during six months cold storage 
was approximately 20 per cent, the maximum decrease was 65 
per cent, the bacterial count per cubic centimeter of some butters 
did not show any decrease. 

8. Resistant strains of >8. lactis, slow S. lactis type, S. para- 
citrovorus, lactic acid forming, non-coagulating, non-citric acid 
fermenting streptococci, various types of micrococci, inert types, 
alkali-forming types and proteolytic types lived over in the 
butter, cold-stored for six months. 

9. Taking the acidity of the butter as a criterion, there was 
little or no detectable hydrolysis of the butterfat during six 
months cold storage. 

10. The acidity of the butter increased as the acidity of the 
cream increased, but there was no definite relation between the 
acidity of the butter and the acidity of the cream. 

11. Proteolytic bacteria, various types of yeasts found in dairy 
products, and Oidium lactis were added to ripened and unripened 
cream containing starter before churning and were foimd not 
to be a significant factor in the deterioration of butter in cold 
storage for six months at — 6°F. 

12. There was no evidence that the enzymes produced during 
the growth of the microdrganisms or the ^nt^ation products 
produced on the death of the microorganisms affected the keeping 
quality of the butter in cold storage. 
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13. Sweet cream butter was found to keep well in cold storage 
and for the most part to retain its original score. One hundred 
per cent of the lots of butter scored 90 and over both when put 
into and taken out of cold storage. 

14. Butter made from sweet cream plus 10 per cent starter, 
imripened, was found to have good keeping quality and to have a 
slightly higher average score when taken out of cold storage than 
the churnings made from pastexirized sweet cream. One hundred 
per cent of the butters scored 90 and over, both when put into 
and taken out of cold storage. 

15. Butter made from sweet cream ripened with a mixture of 
S. lactis and S. paradtrovorus showed good keeping quality in cold 
storage, but marked deterioration of occasional churnings 
occurred. One hundred per cent of the butters scored 90 and 
over when put into cold storage, and 83 per cent of these butters 
scored 90 and over when taken out of cold storage. 

16. Where deterioration of butter occurs in cold storage it is 
not due to the normal flora of pasteurized cream, nor to S. lacUs 
or S. paradtrovorus, nor to the lactic acid formed during the 
ripening of cream by a starter. 

17. The occurrence of erratic decreases in score of butter 
made from ripened cream, which rarely occurs when the cream 
is not ripened, suggests that the deterioration of butter made 
from ripened cream is due to some as yet undetermined cause, 
which may be aided in its action by the lactic acid produced 
during the ripening of the cream. 

18. The quality of the cream when delivered at the creamery 
is probably the main factor that determines the keeping quality 
of butter in cold storage. 

I desire to return thanks to Professor M. Mortensen, for pro¬ 
viding means for carrying out this work; to Doctor B. W. 
Hammer, for his helpful advice and criticism at all stages of the 
work and to the following who acted as judges in scoring the 
butter: Mr. Howard D. Reynolds, Mason City, Iowa; Professor 
A. W. Rudhick, Extension Department, Iowa State College, and 
Mr. J. J. Brurmer, Extension Department, Iowa State Coll^. 
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This investigation was undertaken to study the relation of the 
percentage of butterfat, milk solids not fat, and total milk solids 
in the mix to the quality of the frozen ice cream. 

Several series of mixes were prepared, varying in composition 
as shown in table 1. 

The materials used in the preparation of the mixes were 
cream containing forty per cent butterfat, skimmed milk, super¬ 
heated condensed skimmed milk, water, cane sugar, gelatin, and 
vanilla extract. The same amounts of sugar (12 per cent), 
gelatin (0.5 per cent), and vanilla extract (0.5 per cent) were used 
in all mixes, the other materials were varied to give the desired 
composition. 

The cream, skimmed milk, and condensed milk were pas¬ 
teurized.* 

The mixes were frozen in an ordinary brine freezer of fifty 
quarts capacity. The temperature of the brine ranged from 
4° to 12®F. and the time of freezing from twelve to twenty 
minutes. The brine was pumped through the freezer imtil the 
temperature of the mix reached 26® to 27°F. or until the mixture 
began to freeze, then shut off. The ice cream was allowed to whip 
imtii the maximum swell was secured, as determined with a 
Mojonnier overrun tester. 

< This article is based on a thesis presented to the Faculty of the Graduate 
School of the University of filinois by A. S. Ambrose in partial fulfillment of the 
requirements for the degree of Master of Science in Dairy Husbandry. 

^ The mixes were not homogenised or viseolized. A separate study of these 
processes and their infiuenoe upon the composition of ice cream is now In pl^ogess, 
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Samples of the finished ice cream were taken in each case, 
when the ice cream was half drawn from the freezer. These 
were drawn into small cartons, placed in a hardening room and 
held until time of examination. The first sample of each lot was 
examined between two days and one week after freezing, and the 
succeeding samples at intervals of seven to ten days apart. A 
number of the samples were held as long as forty-six days. 

TABLE ! 


Composition of mixes 


MIX NUMDEB 

pertentaob 

BUTTBBFAT 

PEJtCENTAaB 
M.B.N.F. 1 

PElifENTAGE ^ 
CANK8UGAR 

FEW ENTAGE 
GELATIN 

PERC'ENTAGEI 
TOTAL SOLIDS 

1 

8 

0 

12 

0 5 

26 5 

2 

8 

10 

12 

0 5 

30.5 

3 1 

8 

12 

12 

0 5 

32 5 

4 

8 

14 

12 

0 5 

34.5 

5 1 

8 

18 

12 1 

0 5 

38.5 

6 

10 

6 

12 

0 5 

28.5 

7 

10 

10 

12 

0 5 

32.5 

8 

10 

12 

12 

0 5 

34 5 

9 

10 

14 

12 

0.5 

36.5 

10 

10 

18 

12 

0 5 

40.5 

11 

12 

6 

12 

0.5 

I 30.5 

12 

12 

10 

12 

0.5 

34.5 

13 

12 

12 

! 12 

0.5 

36.5 

14 

12 

14 

! 12 

0 5 

38.5 

15 

12 

18 

! 12 

0 5 

42.5 

16 

14 

6 

12 

0 5 

32.5 

17 

14 

10 

12 

0 5 

36.5 

18 

14 

12 

12 

0.5 

38.5 

19 

14 

14 

12 

0.5 

40.5 

20 

14 

18 

12 

0.6 

44.5 


In some cases as many as four mixes of one composition were 
prepared and frozen at different times, in other cases only one 
mix of a certain composition was prepared and frozen. Fifty- 
three separate mixes, a total of four hundred and fifty gallons of 
ice cream, were prepared and frozen. 

BASIS OF COMPARISON 

It was necessary to formulate a definition of a good commercial 
ice cream in order to have a uniform basis of comparison. A 
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definition acceptable to all is manifestly impossible because of 
individual preferences. However, certain general qualities 
seemed essential. These characteristic qualities may be con¬ 
sidered under the headings of texture, resistance, body, flavor, 
and stability. 

Flavor refers to the taste imparted by the ingredients; for 
example, the flavor of the condensed milk used, or the taste which 
may develop during storage, such as old or stale flavors, con¬ 
densed milk flavor, or “lactose” flavor. The term “lactose” is 
used to designate a mildly sweet, somewhat saline flavor that 
frequently occurs in ice cream which contains a comparatively 
high milk sugar concentration. 

Texture refers to the size, shape and arrangement of the 
particles or the structure of the ice cream. An ideal texture is 
one which is perfectly smooth or entirely free from all graininess. 

Resistance is the property of the ice cream to resist melting 
when placed in the mouth. An ice cream is undesirable when it 
melts down like snow, so also is one which is so resistant as to be 
soggj'. The degree of resistance is relative and can best be 
described as too little, good, or too much. 

Body refers to the total organized substance or the mass of 
ice cream as a whole. It is dependent upon the texture and 
resistance. It may be described as light, good, heavy, or soggy. 

Stability is the property of the ice cream to retain the desirable 
qualities. A freshly frozen product may seem to possess all the 
desirable qualities and yet serious defects may develop in flavor, 
body, or texture after it has been held in storage, or iu dealers' 
cabinets for a few days. 

“Sandiness” refers to a condition which sometimes occurs in 
ice cream, and which is generally conceded to be caused by 
crystallization of milk sugar.* Such ice cream contains many 
particles resembling fine sand which dissolve in the mouth with 
diflSculty. “Sandy” ice cream must not be confused with 
“grainy” ice cream. The term “grainy” refers to a condition 

’Sandy crystals in ice cream: Their separation and identification^ Harper 
F, Zoller and Owen E. Williams, Journal of Agricultural Researchi voL xxi, 
no. 10, August 15,1021. 
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caused by the crystallization of comparatively large particles of 
ice which dissolve in the mouth readily. 

The terms used in judging the ice creams were as follows: 


T*XTURB 

BSSIRTANCE 

BODT 

FLAVOR 

Very smooth (velvety) 

Too much ! 

Soggy 

Condensed milk 

Smooth 

Good 

Heavy 

Lactose 

Coarse 

Lacking 

. Good 

Old or stale 

Very coarse 


Light 



The samples were examined by four judges and a summary of 
the criticisms of 150 samples is presented in the accompanying 
tables. 


REIATION OF THE PERCENTAGE OF TOTAL MILK SOLIDS TO 
TEXTURE, RESISTANCE, BODY, AND FLAVOR OF 
ICE CREAM 

Table 2 contains the criticisms of the ice creams \\ith the 
samples arranged according to the total milk soUds content. 

It is evident from this table (hat the ice creams which contained 
a low total milk solids content (14.0 to 20.0 per cent) were unsat¬ 
isfactory in every way as they were more or less coarse in texture, 
lacking in resistance, and light in body. The ice creams with a 
high total milk solids content (28.0 to 32.0 per cent) were also 
unsatisfactory in that they were entirely too resistant and had 
heavy or soggy body. 

The quality of the ice creams which had the same total milk 
solids content w'as not the same, for example, series 8, 9, and 10 
all contained 22 per cent total milk solids yet the texture varied 
from coarse to smooth, the resistance from lacking to good, and 
the body from light to good. Similarly, there were differences 
in series 11, 12, and 13 with 24 per cent total milk soUds, and in 
the series 14, 15, and 16 with 26 per cent total milk solids. 
There are likewise variations in series with high total milk solids, 
and in series with low total milk solids, although the variation in 
quality within each of these series is not as marked as in the 
series with a medium total milk solids content. 
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The data indicate that the quality of ice cream is dependent 
upon the kind of the milk solids more than upon the p^centage 
of total milk solids, although a good quality of ice cream cannot 
be had with either a very low or a very high total milk solids 
content. 

TABLE 2 


Relation of percentage of total milk solids to texture^ resistancey and body of ice cream 


8£B)SB 

PSSCENT 

FAT 

PER CRKT 
M.S.N.P. 

PBRCHiNT 

T.M.8. 

TEXTURE 

RESISTANCE 

BOOT 

1 

8 

6 

14.0 

Very coarse 

Lacking 

Light 

2 

10 

6 

16 0 

Very coarse 

Lacking 

Light 

3 / 

8 

10 

18.0 

Coarse 

Lacking 

Light 

" 1 

12 

6 

18.0 

Very coarse 

Lacking 

Light 


10 

10 

20.0 

Coarse 

Lacking 

Light-f 

4 

14 

6 

20,0 

Very coarse 

Lacking 

liight 


8 

12 

20.0 

Coarse 

Lacking-f- 

Light-f 


8 

14 

22.0 

Smooth 

Good 

Good 

5 - 

12 

10 

22.0 

Coarse 

Lacking 

Light-f 


10 

12 

22.0 

Coarse-f ; 

t Good 

Good 

f 

10 

14 

24.0 

Smooth 

Good 

Good-f 

6 ■ 

14 

10 

24.0 

Coars^ 

Good— 

Good- 


12 

12 

24.0 

Smooth+ 

Good 

Good 

f 

8 

18 

i 26 0 

Very smooth 

Good-f- 

Heavy 


12 

1 14 

26.0 

Smooth+ 

Good-f 

Heavy— 

1 

14 

12 

26.0 

Very smooth 

Good-f 

Heavy 

» ( 

10 

18 

28.0 

Very smooth 

Too much 

Heavy-f 

14 

14 

28.0 

Very smooth 

Too much 

Heavy— 

9 

12 

18 

30.0 

Very smooth 

Too much 

Soggy 

IQ j 

14 

18 

32.0 

Very smooth 

[ Too much 

Soggy 


RELATION OF THE PERCENTAGE OF MILK SOLIDS NOT PAT TO 
TEXTURE, RESISTANCE, BODY, AND FLAVOR OP 
ICE CREAM 

A study of table 3 shows that the ice creams which contained 
6 per cent milk solids not fat were very coarse in texture, lacking 
in resistance, and light and snowy in body in every instance. 
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They were also partially churned. The small percentage of 
milk solids not fat, seemingly, did not offer sufficient internal 
resistance to prevent churning during the freezing process. 

The ice creams which contained 18 per cent milk solids not fat 
had velvety texture, very heavy or soggy body, and were entirely 

TABLF. 3 


Relation of the percentage of milk solids not fat to texture^ resistance^ hody^ and 

flavor of icc cream 


B ERIKA 

PERCENT 

M.B NP. 

PERCENT 

B K. 

TEXTDRE 

BEAIBTANCE 

BODT 


6 

8 

Very coarse 

Lacking 

Light 

A 

G 

10 

Very coarse 

Lacking 

Light 


() 

12 

Very coarse 

Lacking 

Light 


6 

14 

\^ery coarse 

Lacking 

Light 


10 

8 

Coarse 

Lacking 

Light 

B 

10 ! 

10 

Coarse 

Lacking 

Light 


10 

12 

Coarse 

Lacking 

Light 4- 


10 

14 

C^'carse 

Good-- 

Good — 


12 

8 

Coarse 

Lacking 

Light4- 

0 

12 

10 

Coarse 4- 

Good 

Good 


12 

12 

Sinooth 

Good 

Good 


12 

14 

Very smooth 

Good 4* 

1 

Heavy 


14 

8 

Smooth 

Good : 

Good 

D 

14 

10 

Smooth 

Good i 

Good 4“ 


14 

12 

Smooth 4- 

Good 4“ 

Heavy— 


14 

14 

Very smooth 

Too much 

1 

Heavy— 


18 

8 

Very smooth 

Good 

Heavy 

E 

18 

10 

Very smooth 

Too much 

Heavy 4- 


18 

12 

Very smooth 

Too much 

Soggy 


18 

14 

Very smooth 

Too much 

Sog^ 


too resistant. It would seem, that as far as texture, resistance, 
and body are concerned 6 per cent milk solids not fat produce a 
quality of ice cream of one extreme and 18 per cent the other 
extreme. Between these extremes there is a more or less gradual 
(ffiange in these qualities as the percentage of milk solids not fat 
increases. The texture changes from coarse to very smooth or 
velvety, the iKwiy from light to heavy, and the resistance becomes 
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greater. This tendency is apparent in each series although the 
butterfat content remained constant. 

The data indicate that a certain proportion of milk solids not 
fat is necessary to produce smooth textiue, good resistance, and 
desirable body regardless of the percentage of butterfat present. 
Added milk solids not fat beyond this amount and up to a certain 
point bring about an increased smoothness in texture, greater 
resistance, and heavier body. However, there is a limit beyond 
which further increases in milk solids not fat are of little or no 
value in this respect. 

The flavor of all the ice creams was very good when first 
frozen. Those which contained 12, 14, and 18 per cent milk 
solids not fat frequently developed a condensed milk or “lactose” 
flavor in from two to three weeks after they had been placed in 
storage. These flavors rarely developed in the ice creams which 
contained less than 12 per cent milk solids not fat. 

Sandiness often developed in the ice creams which contained 
14 to 18 per cent milk solids not fat, while it was evident in only 
two cases in the ice creams which contained less than 14 per cent. 
This condition usually did not appear until after the ice cream 
had been in storage for about two or three weeks and was more 
often apparent after three weeks. 

EELATION OF THE PEKCENTAGE OF BUTTERFAT TO TEXTURE, 
RESISTANCE, BODY, AND FLAVOR OP ICE CREAM 

Table 4 contains the same data arranged in series with varia¬ 
tions in the percentages of butterfat. 

It is evident that in some series increased percentages of butter¬ 
fat had no effect upon the quality of the ice creams, while in 
other series as little as 2 per cent increase brought about a change. 
The criticisms of texture of the ice creams in series A, B, and E 
were the same within each series although the percentage of 
butterfat ranged from 8 to 14 per cent. However, there were 
variations in series C and D within each series. The 12 per cent 
milk solids hot fat ice creams (series C) varied from coarse to very 
smooth, and 14 per cent milk solids not fat ice creams (series H) 
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varied from smooth to very smooth. The criticisms of resist¬ 
ance and body show quite similar variations. A probable 
explanation for this is as follows: 

As stated under the discussion of the relation of milk solids not 
fat, a certain proportion of milk solids not fat seems necessary to 
produce a good quality of ice cream. With less than this propor¬ 
tion any increase in the amount of butterfat, from 8 to 14 per 


TABUS 4 

Relation of the percentage of butterfat to texture^ resistance, body, and flavor of 

ice cream 



PER TENT 
FAT 

PER CENT 

M 8.N.P. 

TEXTURE 

RBBIflTANCE 

BODY 


8 

c 

Very coarse 

Lacking 

Light 

A 

8 

10 

Coarse 

Lacking 

Light 


8 

12 

(voarse 

Lacking-f 

Light-f 


8 

14 

Smooth 

Good 

Good 


8 

18 

Very smooth 

Good-+“ 

Heavy 


10 

6 

Very coarse 

Lacking 

Light 


10 i 

10 

Coarse 

Lacking 

Light-f 

B 

10 

12 

Coarse+ 

Good 

Good 


10 

14 

Smooth 

Good 

Good-{- 


10 

18 

Very smooth 

Too much 

Heavy 


12 

6 

Very coarse 

Lacking 

Light 


12 

10 

Coarse 

Lacking 

Lights 

C 

12 

12 

Smooth 

Good 

Good 


12 

14 

Smooth-f 

Good+ 

Heavy — 


12 

18 

Very smooth 

Too much 

Soggy 

* 

14 

6 

Very coarse 

Lacking 

Light 


14 

10 

Coarse 

Good— 

Good- 

D 

14 

12 

Very smooth 

Good-f 

Heavy 


14 

14 

Very smooth 

Too much 

Heavy— 


14 

IS 

Very smooth 

Too much 

Soggy 


cent, has little or no effect upon the quality of ice cream. When 
the proportion of milk solids not fat is sufficient, an increased 
percentage of butterfat acts very much the same as increased 
milk solids not fat, that is, produces smoother texture, greater 
resistance, and more desirable body. In other words, the two 
have a complimentary value within certain limits. As in the case 
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of milk solids not fat, there is an upper Unlit beyond which an 
increase in the butterfat content, seemingly, does not improve 
the quaUty of ice cream. 

It is evident from these data that there is a lower and an upper 
limit wherein the butterfat influences the quaUty of ice cream. 
The lower as well as the upper limit is dependent upon the 
percentage of miUc soUds not fat. Between these Umits a differ¬ 
ence in quaUty is evident with a smaller increase in the percent¬ 
age of butterfat when the milk solids not fat content is increased. 

In addition to the effect upon texture, resistance, and body the 
butterfat influences the flavor of ice cream. .^Here also, the milk 
solids not fat have an influence. With the low milk solids not 
fat content (6 per cent) the increase in fat content from 8 to 14 
per cent, did not improve the flavor. In all other cases increased 
percentages of butterfat produced ice cream with richer flavor. 
The ice creams which contained 14 per cent butterfat were 
extremely rich. 


CONCLUSIONS 

The quaUty of ice cream with respect to texture, body, and 
resistance is dependent more upon, the kind of milk solids than 
upon the total milk soUds. The miUc soUds not fat are more 
essential than the butterfat in this respect. 

In general a good commercial ice cream can be made with fr m 
10 to 12 per cent milk soUds not fat and 8 to 14 per cent butterfat. 
An excellent quaUty of ice cream was obtained with 12 per cent 
butterfat and 12 per cent milk soUds not fat. 

A high percentage of milk solids not fat (14 to 18 per cent) is 
conducive to a condensed milk or “lactose” fla^r and also to a 
“sandy” condition where condensed milk is used'^to supply the 
milk soUds not fat in ice cream. 

A high percentage of butterfat produces a richer flavored ice 
cream. 



A GREENISH-BLACK DISCOLORATION OF CHOCOLATE 
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An ice cream manufacturer in New York, during the winter 
of 1922-1923, was troubled with a greenish-black discoloration 
that appeared sporadically in his chocolate ice cream. The 
discoloration was described by the manufacturer as spots slightly 
greenish in color. These spots developed in five or six cans out 
of fifty and were not confined to any special ice cream mix. The 
time required for these spots to appear varied from one to ten 
days. They usually developed in the hardening room, although 
in other cases, they developed only after the ice cream was put 
in the retailer’s cabinet. No excessive numbers of bacteria were 
found by the manufacturer, and no molds were in evidence. 
Tin and copper were absent in these spots, and a trace of iron 
was present in quantities comparable to that found in the normal 
colored chocolate ice cream. 

THE CHEMISTRT OF THE DISCOLORATION 

Examination of a 5-gallon can of this ice cream sent to this 
Station showed a ring of greenish-black color in the chocolate 
around the extreme outside of the ice cream next to the can. 
By removing large pieces of ice cream from the can it became 
evident that .the greenish-black spots on the ice cream matched 
identically in pattern the rust spots on the can. No spots 
could be found where the can was well tinned or in the ice cream 
at any other place than where it was exposed to rusty places. 
The flavor of these spots was extremely fishy. Since Rogers, 
Berg, Potteiger and Davis^ have found that metallic salts, 

1 L. H. Eogers, W. N. Berg, C. E. Potteiger, B. J. Daria. Factors Influenoiag 
tlie Flavor of Storage Butter. U. S. Dept, of Agric., B. A. 1. Bui. 162. 1913. 
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especially iron, accelerate the production of fishy flavor in butter, 
the evidence seemed to indicate that iron was one of the essentials 
for the production of the greenish-black discoloration. 

Some of the ice cream was repacked into a new container and 
on the surface of the ice cream were placed strips of tinned iron 
with and without rust spots. Some of the strips were dipped 
in a concentrated sodium chloride solution to hasten the forma¬ 
tion of rust. Part of the ice cream so treated was held continu¬ 
ously at —10° to 0°F. and part of it was softened daily at a warm 
temperature. Within twenty-four hours the discoloration ap¬ 
peared on the chocolate ice cream exposed to rusty iron dipped 
in salt brine. In four or five days it appeared by the strip of 
tinned iron which had exposed rust spots, but it required about 
two weeks for a trace of the color to become noticeable by exposed 
iron well scoured and free from rust. The alternate softening 
and hardening hastened the production of the color and increased 
its intensity. 

To obtain more conclusive evidence of the part played by iron 
in the production of this color a few drops of a 10 per cent solution 
of chemically pure ferric chloride were added to a limited area of 
frozen chocolate ice cream and a greenish-yellow discoloration 
appeared instantly which changed in a few minutes to greenish- 
black. 

This discoloration appeared in no other ice cream than choco¬ 
late. Hence, the chemical with which the iron was combined 
to produce the greenish-black color must be contained in cocoa. 
Analyses given in chemical books treating in plant products, 
as well as those obtained through the courtesy of two chocolate 
and cocoa manufacturers, gave two classes of compounds whose 
properties are such that they may have been responsible for this 
color, namely, the proteins and the tannins. Cocoa contains 
10 to 20 per cent protein and 2 to 5 per cent tannin. The ferric 
salts of tannins are blue, green, black or any combination of 
these three colors. They have been used as the basis of several 
inks. 

When a few drops of a 10 per cent solution of ferric chloride 
were added to 10 cc. of a 6 per cent solution of cocoa the solution 
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became intensely black. The cocoa used was obtained from the 
manufacturer in whose ice cream the greenish-black color ap¬ 
peared. The solution of cocoa was made in boiling water in 
order to obtain a high degree of solution.* When the black cocoa 
solution was filtered most of the color filtered out, but the filtrate 
was also very black. To the clear brown filtrate from a 5 per cent 
cocoa solution a few drops of ferric chloride were added and a 
heavy bluish black precipitate appeared. When this was filtered 
the filtrate was also black. The compounds in the cocoa that 
combined with the iron were therefore soluble in water while the 
greenish-black color was due to both soluble and insoluble 
compounds. 

American standard horse hide powder was prepared according 
to the method described in the methods of analyses as published 
by the American Association of Agricultural Chemists. The 
filtrate of a 5 per cent cocoa solution was treated with this hide 
powder as if a tannin determination of the filtrate was being 
made. The hide powder removed the tannin from solution and 
when ferric chloride was then added to the filtrate no greenish- 
black color developed. 

From the work with cocoa filtrates it became evident that the 
acidity or alkalinity of the solution as well as the degree of 
dilution changes the character of the color developed and may 
entirely prevent its appearance. To learn if the hide powder 
had interfered in any other way with the development of the 
color, an equal quantity of cocoa filtrate was added to that treated 
with hide powder and ferric chloride then produced the charac¬ 
teristic color. The production of a greenish-black color or 
precipitate with iron and the combination with hide are two of 
the distinguishing characteristics of tannins. 

There are two classes of compounds in cocoa that contain 
nitrogen; the proteins and theobromine. For this reason the 
total nitrogen content of the cocoa as determined was not cal¬ 
culated as protein due to the error that would be introduced 
by the theobromine. The cocoa contained 3.44 per cent nitrogen. 

* The mixture of cocoa with boiling water is not a true solution, but the 
various constituents exist in true solutions, colloids, and suspensions. 


joumaAL or dauiy flcirNcs, vol.. vi, vo. H 
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More than half of the nitrogen-containing material was not 
dissolved in boiling water, but filtered out. One hundred cc. of 
a 5 per cent cocoa solution were filtered, and 20 cc. of the filtrate 
were found to contain 0.0136 gm. nitrogen. In other words, 
1.36 per cent nitrogen passed through the filter paper. Ferric 
chloride was added to some of the cocoa solution and the filtrate, 
representing 1 gram of cocoa, was found to contain 0,0109 gram 
nitrogen, which represents 1.09 per cent nitrogen in the cocoa 
that passed into the filtrate. This difference of 0.27 per cent 
nitrogen represents some protein that was precipitated by the 
iron, and protein occluded by the ferric tannate precipitate. 
The theobromine being soluble in water in such small quantities 
could not account for this reduction in filterable nitrogen resulting 
from the additipn of ferric chloride to the cocoa solution if it was 
precipitated by ferric salts. 

COCOAS VARY IN PRODUCING DISCOLORATION 

The conditions favorable to the production of this discoloration 
of chocolate ice cream are prevalent in the ice cream business so 
that it is surprising that this difficulty has not been more generally 
encountered. To obtain information on this point the ability 
of various grades of cocoa to produce this discoloration was 
determined. 

Through the courtesy of a cocoa manufacturer four different 
grades of cocoa were obtained. One of them was a high grade 
“Dutch Process” cocoa and the other three represented their 
highest, lowest, and medium grade cocoas. Two samples of 
cocoa were purchased at a grocery store in Geneva; one retailing 
for 35 cents per pound, and the other for 10 cents. The ice 
cream manufacturer having difficulty with the greenish-black 
color supplied us with samples of tAvo different cocoas he was 
using. The ability of each of these eight samples to produce 
the discoloration in chocolate ice cream was determined by the 
addition of a few drops of 10 per cent solution of ferric chloride 
to 10 cc. of a 5 per cent solution of cocoa. It was found that 
only three out of the eight cocoas tried could produce the greenish- 
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black color. They were: the “Dutch Process” cocoa, the cocoa 
retailing at 36 cents per pound which was the product of the 
company manufacturing “Dutch Process” cocoa, and one of the 
samples submitted by the ice cream manufacturer. All of these 
cocoas appeared to be of fine quality. 

Why do some of the cocoas produce this color with iron while 
others do not? It was suggested by a manufacturer of cocoa 
through correspondence that it (the greenish-black color) may 
be due to an alkaloid or to the Dutch Process cocoa having 
a free alkali present. The cocoa filtrates were first tried with 
phenolphthalein and found to be acid. Tests with Brom-thymol- 
blue made by the addition of a small quantity of cocoa filtrate 
to a neutral solution containing the indicator showed that those 
cocoas which produced the discoloration had a slightly alkaline 
pH value (about 7.2), while the others were slightly acid (about 

N 

6.6). By the addition of — NaOH the pH value of all the 

filtrates was brought to a slightly alkaline condition and the 
greenish-black color was produced by all when a solution of 
ferric chloride was added. The tannins producing this color 
were, therefore, present in all the samples of cocoa, but are in 
active form only in the alkaline condition. Subsequent changing 
of the pH to slightly acid did not affect the production of color. 

PREVENTING THE DISCOLORATION 

Two methods of preventing the appearance of this discoloration 
are obvious. The most effective method is the use of cocoa not 
capable of producing the color. This can be determined, with¬ 
out trying the cocoa in ice cream to see if the discoloration 
appears, by the addition of a solution of ferric chloride to the 
cocoa solution as previously described. The other method is 
the prevention of iron in soluble form from coming in contact 
with chocolate ice cream. This can be accomplished by the 
use of well-tinned ice cream cans or by the complete lining of all 
ice cream cans with exposed iron with the paraffined cardboard 
can liners that are on the market. The development of the 
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discoloration can be checked if not entirely stopped when cans 
with exposed iron are used without can liners by a thorough 
scrubbing to remove all rust, followed by prompt drying. 

BUHMABY 

An outbreak of a greenish-black discoloration of chocolate 
ice cream has been described. It was caused by ferric tannate 
which was formed by the soluble iron or rusty cans reacting with 
the tannins in the cocoa. Not all cocoa will produce this dis¬ 
coloration with ferric salts. Three samples of cocoa that gave 
the discoloration had an alkaline pH value, while five that did 
not give the color were acid in reaction. The appearance of 
this discoloration in chocolate ice cream can be prevented by the 
use of well-tinned or paper lined cans or by the use of cocoa that 
is not capable of producing it. 
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The normal birth weight of Jersey males and females and the 
normal growth of the heifers until two years of age has been 
determined at this station, by Eckles (1, 2). It is well known 
by dairymen, however, that growth continues for several years. 
As dairy cattle are bred to calve at approximately two years, 
the lactation (3) following seriously interferes with normal growth 
after that age. Still lactation is a normal function of the dairy 
cow and it is of considerable value to determine the normal 
growth with age of the lactating dairy cow. 

For the past twenty years the American Jersey Cattle Club 
has required that the weights of all cows completing a Register 
of Merit record be reported. The object of this paper is to 
report the results of a study of this data based on the weights 
of 15680 animals at various ages throughout the entire pro¬ 
ductive life of the dairy cow. These weights should be typical 
of the registered cows of the Jersey breed as they include both 
the American and Island strains. 

The average weights for the various ages as shown in table 1 
were computed from the individual records with the aid of a 
correlation table (table 2). It should be pointed out in this 
connection that the ages represent the time the animals started 
on test, while the weights were sent to the club at the completion 
of the record. It would appear that a correction of one year 
should be made. However, cows on test generally do not gain 
in weight during the lactation period and therefore the weights 
at the beginning and close of the test do not vary materially. 
The weights of many of the cows were estimated but as there is 
no apparent reason for bias, it is thought that the large number 
of records reported overcomes this difficulty to a large extent. 
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From table 2 it will be seen that there were a few cows tested 
under eighteen months of age at the start of the test. These 
26 animals weighed an average of 710 pounds. There were also 
1001 yearlings (18 to 24 months) weighing an average of 767 
pounds. The largest number of animals come in the class from 

TABLE t 


Data on the growth of Jersey cattle 


AOB 

NUMBEK OF AKIMAL8 INCLUDED 

AVEBAOB WEIGHT 

years 


j>ounda 

1.5 

26 

710 

1.6-2 

1001 

767 

2—2 5 

3155 

SOS 

2.5-3 

1449 

836 

3-3 5 

1523 

872 

3 5-4 

1122 

888 

4-4 5 

1171 

916 

4 5-5 

916 

930 

5-6 

1692 

938 

6-7 

1235 

945 

7-8 

965 

952 

8-9 

621 

957 

9-10 

364 

962 

10-11 

208 

957 

11-12 

108 

968 

12-13 

64 

956 

13-14 

32 

961 

I4r-15 

14 

1036 

15-16 

9 

975 

16-17 

4 i 

963 


2 to 2.5 years with the number of animals tested gradually 
decreasing as they become older. The oldest animal tested was 
eighteen years old while a second one reached the advanced age 
of over seventeen years. 

It will be seen from the figure that the Jersey cow reaches the 
mature weight of approximately 960 pounds at about eight years 
of age. It might be noted that Eckles (2) gives the mature 
weight of the American type Jersey' as 902 pounds, a weight 
considerably below that shown in the figure. This discrepancy 
does not appear to be due to experimental error as inferred from 
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the smoothness of the curve and from the probable error which 
is only about 3 pounds at eight years. 

The distribution of the animals by weight classes at different 
ages is also clearly shown in table 2 and needs little explanation. 
The mode of the class under 1.5 years is at the weight class of 



2 3 4 5 6 7 6 9 10 II (2 14 

Asie in years 


Fia. ]. Aqe-Wbight Ctovb of the Jbbsey Cow 

700 to 750 pounds, that of the next class 750 to 800 pounds, 
while the mode of the two year olds comes in the 800 to 850 
pound class. The mature animals are fairly evenly distributed 
between the 900 to 1050 pound classes. 
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A theoretical matter might be mentioned in connection with 
the growdh curve.^ The curve can be represented by an ex¬ 
ponential equation of the form 

X = A{l-e 

Where X is the weight of the animal at any age t, and A is the 
mature weight which is seen from the graph to be about 960 
pounds. It may be assumed that growth is due to a certain 
limiting substance produced at the time of conception which is 
gradually utilized. As soon as this limiting substance or growth 
impulse is completely utilized, growth ceases. 

The weight of the animal may be taken as a measure of the 
amount of this growth substance used up, and the difference 
between the mature weight, 960 pounds, and the weight at any 
age t, a measure of the amount of substance or growth impulse 
left unused. This equation indicates that the percentage at 
which this unused substance is used up is the same from year to 
year. Thus the difference between 960 and the weight at dif¬ 
ferent ages is as follows: 


AVEBAQE AOB 

WEIOHT 

DIFFER ENCB 

PER CENT OF DIFFEBBNCll 

years 

pounds 

pounds 


2 5 

817 

143 


3 5 

879 

81 

56 6 

4 5 

922 

38 

46.9 

5.5 

938 

22 

57.8 

6.5 

945 

15 

68.1 

7.5 

952 

8 

53.3 

8.5 

1 957 

3 

37.5 


In other words, the percentage decline of the growth limiting 
substance or growth impulse is approximately constant. 
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The explanation of the variation observed in the fat content of 
milk from individual cows or herds from one period to another 
has engaged the attention of investigators for many years. The 
consensus of opinion is that the fat content depends upon the 
breed, the individual within the breed, the degree of fatness at 
time of parturition, and the stage of lactation; and that neither 
feed nor management can be so varied as to change more than 
temporarily the percentage of fat. 

Since it was established by our work* at Brownsville, Texas, 
that the percentage of fat is lowered by the feeding of prickly 
pear and that the greater the quantity of pear fed the greater 
the reduction in fat content, we have from time to time conducted 
other experiments at the Beltsville station vdth a view to ex¬ 
plaining the results obtained in the feeding of pear, also to find 
out the influence of other feeds and of certain methods of 
management. 

The outstanding characteristics of prickly pear so far as the 
analysis is concerned are the high water and mineral contents. 
It was thought likely that one or both of these constituents were 
responsible for the lowering of the fat content. Accordingly 
experiments were conducted* in which cows consumed varying 
quantities of water, with the result that the percentage of fat 
was found to be unaffected. 

The mineral matter of prickly pear differs from that of other 
green materials mainly in having a large content of calcium and 

1 Hoard’s Dairyman, 1916 

* Jour. Agri. Research, April 24,1916. 
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magnesium and a relatively low content of phosphorus. These 
constituents were investigated separately in a series of experi¬ 
ments which are reported in this paper. 

THE EFFECT OF CALCIUM 

To find out the influence of calcium, four cows were fed the 
regular ration consisting of grain, hay, and silage in comparison 
with the same ration with 1 pound of steamed bone meal added. 
Two of the cows received the bone meal for twenty days, the 
check ration for twenty days, then the bone meal for another 
twenty days. The other two cows received the check ration for 
twenty days, then the bone-meal ration, and finally the check 
ration again. The results are seen in table 1. 

TABLK 1 


Average fat content of milk in experiment with bone-meal ration 



cow 17 

cow 21 

cow 23 

cow ion 


per (enl 

per cent 

jer cent 

per cent 

Bone-meal ration. 

4 90 

5.075 



Check ration. 

5 025 

4 925 

4.10 

4 40 

Bone-meal ration. 

5 175 

5 025 

4 325 

4 55 

Check ration. 



4.60 

4 45 

Difference attributed to bone-meal. . . 

-fO 012 

+0 125 

-0 025 

+0.125 


Three of the four cows showed an increase in per cent of fat 
when bone meal was fed, but the increase was so slight as to be 
within the range of experimental error. The conclusion that 
bone meal docs not influence the per cent of fat is apparently 
justified. 

Since bone meal contains phosphorus as well as calcium, and 
the pear has a low phosphorus content, it was thought best to 
get additional data in which calcium was fed in the form of a 
carbonate. In the nutrition investigations at this station three 
cows have been so fed as to admit of four comparisons between a 
ration containing limestone and one without limestone. In two 
cases the milk tested higher when limestone was fed and in two 
cases it tested lower. In view of these facts it was thought that 
a special experiment on the subject was unnecessary. 
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THE EFFECT OP LIBERAL MINERAL AND WATER 

The next step was to try a combination in which both the water 
and minerals were lower in one ration than in the other. Two 
cows were fed a ration low in mineral, consisting of corn silage, 
cottonseed hulls, and a grain mixture composed of equal parts of 
corn meal, wheat bran, and cottonseed meal, with 1 per cent 
salt added. These cows were given oiily 75 per cent of the 
quantity of water which they would normally drink. Two other 
cows at the same time were fed a similar ration writh one pound of 
bone meal added per cow per day, and were allowed all the water 
they would drink twice daily. At the end of twenty days the 
rations were reversed. See table 2. 


TABLE 2 

Average fat content of in experiment with ration low in both minerals and 

water 



cow 14 

cow 64 

cow 51 

cow 61 


7 >€r cent 

per cent 

j>er cent 

per cent 

Normal water, high mineral. 

4 513 

3.614 



Low water, low mineral. 

5 040 

3.655 

3.459 

5 166 

Normal water, high mineral. 

4 620 

3 80 

3 574 

5 034 

Low water, low mineral. 

Increase attributed to low water and low 



3.460 

5.090 

mineral. 

0 474 

-0.052 

-0.114 

-0 094 


In two cases the low water and low mineral apparently in¬ 
creased the per cent of fat and in two cases there was a decrease. 
The differences are slight except in one instance. 

When cows ate prickly pear the total water intake was much 
in excess of the quantity normally consumed with any usual 
ration, so another experiment was conducted in which the cows 
were induced to take a supernormal quantity of water along with 
1 pound of bone meal per cow per day, in comparison with the 
same cows receiving the normal quantity of water and no bone 
meal. Turnips were fed during one period in such quantities as 
it was thought would increase the normal water intake 10 to 20 
per cent. Table 3 shows the results. 
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While the data in the two foregoing experiments are too 
meager to admit of definite conclusions, it appears that high 
water consumption coupled with high mineral content in the 
ration does not influence the per cent of fat in milk. 

THE EFFECT OF MAGNESIUM 

The next experiment with the mineral matter was to try the 
effect of adding some compound of magnesium to the ration, 
since as stated above the pear was high in this element. Mag¬ 
nesium carbonate was fed at the rate of 0.3 pound per cow per 

TABLE 3 

Average fat content of milk, in experiment comparing normal water and low mineral 
with supernormal water and high mineral in the ration 


! 

cow 33 

cow 49 1 

cow 07 

Normal water, low mineral. 

per cent 

4 99 

per cent 

3.91 

per cent 

Supernormal water, high mineral. 

4 72 

4.17 

4.07 

Normal water, low mineral... 

5.15 

4 37 

4.11 

Increase attributed to low water and mineral. 

0.35 

-0.03 

0.04 


TABLE 4 


Average fat content of milk, in experiment with feeding magnesium carbonate 



cow 400 

cow 400 

.. .i i i. 

Check ration..... 

per cent 

6.33 

5.18 

5.28 

-0.125 

per cent 

6.76 

5.92 

6.23 

-0.075 

Magnesium carbonate...... 

Check ration...... 

Change attributed to magnesium carbonate. 


day in alternate ten-day periods, in each of which eight days were 
considered experimental. Each individual milking was tested 
for fat. The ration of grain, hay and silage remained the same 
throughout. 

Cow 462 on check ration in the first eight-day period produced 
milk with an average fat content of 5.68 per cent; with magnesium 
carbonate added the milk tested 6.14 per cent; in the second 
check-ration period the test was 6.76 per cent. In this case the 
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magnesium gave a higher testing milk, which is contrary to 
what would be expected. 

This cow was continued on the experiment along with cow 
460, and the further results by eight-day periods are shown in 
table 4. 

It cannot be stated from this experiment that the magnesium 
carbonate affected the percentage of fat, as the differences ob¬ 
served are within the range of experimental error. 

The results of feeding another compound of magnesium, 
epsom salt, at the rate of ^ to | pound per cow per day to four 
cows showed a slight decrease for two cows and a small increase 
for two cows, as shown in table 5. 


TABLE 8 

Average fat content of milky when epsom salt was fed 



cow 6 

cow 7 

cow 244 

cow 24D 


per rent 

jier cent 

j)tfr cent 

7 >et cent 

Epsom salt, } lb. 

3 99 

4.68 



Check ration. 

4 12 

4.96 

4.36 

3 79 

Epsom salt, | lb. 

4.09 

4 90 

4.76 

3.89 

Check ration. 



4.69 

3.89 

Change attributed to epsom salt. 

-0 08 

-0.17 

"fO.24 



It is realized that there are dozens if not hundreds of combina¬ 
tions in which the mineral matter might occur in the plant, 
every one of which might exert a different physiological effect 
upon the animal body. If the lowering of the fat content 
observed when prickly pear is fed is due to a particular mineral 
compound the difficulty in finding it will be appreciated in view 
of the fact that the different mineral combinations in the pear 
are unknown. For these reasons it has seemed best not to 
pursue the matter further. 

EFFECT OF HIGH-PROTEIN FEEDING 

It has been reported that high-protein feeding increases the 
percentage of fat in milk. To test the accuracy of this state¬ 
ment four cows, two Jersey and two Holstein, were fed large 
quantities of high-protein feeds, in comparison with a grain 
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ration composed of hominy feed 100 pounds, ground oats 100 
pounds, wheat bran 100 pounds, linseed oil meal 50 pounds, and 
cottonseed meal 60 pounds, which ration is here designated as 
“ordinary grain.” The feeding was in periods of ten days. 
During certain periods three-fourths of the usual allowance of 
the ordinary grain ration was replaced by a high-protein feed. 
The first two days following the change in ration were discarded 
in the calculations, this length of time being allowed for the 
full effect of the change to become manifest. The figures given 
in table 6 therefore are averages for eight-day periods, calculated 
from weights and tests taken of each milking. Cow 227 received 
10 pounds grain; 439, 9 pounds; 243, 15 pounds; and 466, 12 
pounds. The high-protein feed varied from 6.8 to 11.2 pounds 
per cow daily. 

TABI.K 6 


Average fat content of milky in experiment with high-protein feeding 



row 227 

cow 439 

cow 213 

row 446 

ALL COWS 


pt'i 

cent 

per cent 

l)€r 

ctnt 

per cent 

per cent 

Ordinary grain ... ... 

3 

32 

5 59 

3 

08 

6 14 

4.38 

Three-fourths cottonseed meal. 

3 

09 

0 12 

3 

38 

6 64 

4 83 

Ordinary grain. 

3 

37 

5.70 

3 

07 

5 91 

4 37 

Three-fourths of linseed oil meal— 

3 

50 

6 10 

3 

51 

6 22 

4 67 

Ordinary grain, ... 

3 

51 

5.40 

3 

02 

5.30 

4 16 

Three-fourths of gluten feed.. 

3 

37 

5 70 

3 

13 

5 40 

4.17 

Ordinary grain. . . . 

3 

56 

5 88 

3 

19 

5 33 

4 24 

Three-fourths of linseed oil meal.... 

3 

43 

5.80 

3 

24 

4.99 

4.10 

Three-fourths of linseed oil meal... 

3 

52 

5 73 

3 

22 

4.88 

4.13 

Three-fourths of linseed oil meal.. 

3 

58 

5 72 

3 

32 

4 90 

4.20 

Three-fourths of linseed oil meal — 

3 

91 

5 96 

3 

.24 

4.95 

4 30 


It witl be observed by comparing high-protein periods with an 
average of the ordinary-grain periods immediate before and after, 
that in every instance an increase followed the use of the cotton¬ 
seed meal; and the same is true of the first period in which linseed 
oil meal was fed. These results confirm those obtained in a 
previous experiment by R. R. Graves and L. S. Riford at this 
station, in which two cows were fed 4 to 6 pounds of the oil meals 
for short periods. Gluten feed had no uniform effect one way 
or the other, and this is also the case with the last four periods of 
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linseed oil-meal feeding. Apparently the effect of these feeds 
on the test is not permanent and it is possible that at the time 
gluten feed was offered the previous effects had worn off and it 
was time for the test to drop. 

Since the high-protein feeds affecting the test in this experi¬ 
ment are rich in oil as well as protein, the question arose as to 
whether the increase in percentage of fat was due to the protein 
or to the oil. Accordingly another experiment was conducted 
in which linseed oil was compared with linseed oil meal. Six 
cows were used. Three were fed the ordinary grain ration for 
ten days, then the same with 0.7 to 1.0 pound linseed oil per cow 

TABLE 7 


Average fai content of milk, when linseed oil and linseed oil meal were fed in com^ 
parison with ordinary grain ration 



cow 434 

cow 447 

cow 460 

ALL COWS 

Ordinary grain.... 

per cent 

5 QO 

per cent 

6.21 

per cent 

4.62 

per cent 

5.38 

Ordinary grain plnu linsftftfi oil. 


6.31 

5 21 

5.73 

Ordinary grain.. 

5 51 

5.53 

4.57 

5.10 



cow 425 

cow 439 

cow 468 

ALL COWS 

Ordinary grain.. 

6.20 

5.53 

4.89 

5,57 

Three-fourtha of linseed oil meal. 

6.24 

6.26 

5.06 

5.75 

Ordinary grain. 

5.88 

5,37 

4.67 

5.32 



per day for ten days; and this was followed by another 10-day 
period the same as the first. The other three cows were fed the 
same, except during the second period when three-fourths of their 
grain was replaced by linseed oil meal. The first two days of 
each period was discarded in the calculations, so the figures given 
in table 7 are averages for eight days. Cows 434,447,460, 426, 
439, and 468 received the following quantities of grain re¬ 
spectively; 12, 9, 13.5,14,10, and 12.6 pounds. Cows 434,447, 
and 460 during the second period consumed respectively 0.8, 
0.6, and 0.95 pounds of linseed oil daily. 

In every case both the meal and oil brought about an increase 
in the test. Apparently the principal, if not the only, factor 
increasing the percentage of fat is the oil. 
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Since gluten feed is low in oil and linseed oil meal is liigh in oil 
the effect of these two feeds was compared to get further infor¬ 
mation on the effect of oil on the test. Six cows divided into 
groups were run for six ten-day periods. Cows 82, 237, 468, 93, 
236, and 254 received respectively 8, 9, 8, 8, 9, and 8 pounds of 
grain per day. During the second period one-fourth of the grain 
of one group consisted of gluten feed, and one-fourth of the grain 
of the other group consisted of linseed oil meal. For the fourth 
and sixth periods the gluten feed and linseed oil meal made up 
three-fourths of the entire grain fed. Table 8 shows the results. 


TABLE 8 

Average fat content of milky in experiment comparing gluten feed with 
linseed oil meal 



cow 82 

cow 237 

cow 468 

ALL cows 


rer cent 

per cent 

per cent 

per cent 

Ordinary grain. 

3.95 

3 60 

4 71 

4.06 

One-fourth gluten feed. 

4 J1 

3 66 

5 09 

4.23 

Ordinary grain. 

4 10 

4 01 

4.99 

4.35 

Three-fourths gluten feed. 

4 07 

3 95 

5 01 

4 31 

Ordinary grain. 

4 OS 

4.11 

5.31 

4 45 

Three-fourths gluten feed. 

4.11 

4.07 

5.35 

4 46 


cow 93 

cow 236 

row 264 

ALL COWS 

Ordinary grain . 

4 89 

3 65 

3,51 

3.94 

One-fourth linseed oil meal. 

4.96 

4.08 

3.54 

4.15 

Ordinary grain. 

5 15 

4 20 

3 92 

4 41 

Three-fourths linseed oil meal. 

5 65 

4.75 

4 02 

4 80 

Ordinary grain. 

5.25 

4 78 

3 90 

4 72 

Three-fourths linseed oil meal. 

5.44 

5 13 

4 06 

4.99 


This experiment shows that the small quantities of either 
gluten feed or linseed oil meal did not affect the test. The larger 
quantities of gluten feed did not increase the percentage of fat 
in the milk, but the linseed oil meal did, though not to so great 
an extent as in some of the preceding experiments. Possibly 
this decreased effect is due to the smaller quantities of linseed 
oil meal fed to these cows. 

In order to see how permanent the increase in test was, five 
cows were fed on a large quantity of linseed oil meal for 40 days, 
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this being preceded and followed by periods or ordinary feeding. 
Cows 82, 220, 407, 462, and 468 received respectively 11, 13, 16, 
11, and 10 pounds of grain per day. For forty days three- 
quarters of these quantities were linseed oil meal. In table 9 
are shown the results of this experiment. 

The average for all the cows shows that after ten days of high 
linseed oil meal feeding the percentage .of fat returns to normal, 
though the reaction to such feeding is not at all uniform with the 
different individuals. 


TABLE 9 


Average fat content of milk, when cows were fed linseed oil meal in large quantity for 

a long period 



cow 

cow 

220 

COW 

407 

cow 

462 

cow 

468 

ALL 

cows 


ver cent 

per cent 

per cent 

per tent 

per cent 

per cent 

Ordinary grain. 

4.21 

3.80 

5 96 

6.38 

5.77 

5.08 

Three-quarters linseed oil meal. 

4 41 

4.09 

6.13 

6 88 

5.71 

6,30 

Three-quarters linseed oil meal. 

4 11 

3.74 

6 09 

6.66 

5 40 

5.03 

Three-quarters linseed oil meal. 

3.93 

3.85 

5 97 

6.84 

6.08 

5.07 

Three-quarters linseed oil meal. 

4 20 

3.80 

6.20 

6 61 

6.61 

6.06 

Ordinary grain. 

4.08 

3.89 

6.22 

6.76 

5.32 

5 03 

Ordinary grain. 

4.08 

3.75 

6.38 

6.87 

5 54 

5.10 


EFFECT OP EXERCISE 

In the experiments at this station to determine the effect of 
exercise upon production it was found that cows when they took 
exercise by walking three miles a day yielded milk containing a 
slightly higher percentage of fat than when they remained at 
rest. The details are given in tables 10, 11, and 12. 

The investigation was followed up further by making tests 
of individual milkings of several cows when at rest and when 
exercised. 

In order to solve the question conclusively a more extended 
test with she cows was made in which each individual milking 
was analyzed for fat. 

Of the 11 cows in the above tables aU showed an increase in 
test whe^D changed from rest to exercise and a decrease when 
changed from exercise to rest, except in two instances out of 
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22 possible comparisons. In every case when the average test 
on exercise was compared with the average on rest, the exercise 
gave the richer milk. Also the mixed milk showed that exercise 
increased the test. 


TABLE 10 

Average fai content of milk from cows when exercising and when at resty the tests 
being made of composite samples of milk for two days out of each lO^ay period 


FIBST BXPEBIMBMT 



Period 

Cow 87 

Cow 409 

Cow 416 

Cow 245 

Cow 401 

Cow 435 

All cowe 


days 

per cent 

per cent 

per rent 

per cent 

per cent 

per cent 

imr cent 

Rest. 

60 

3 38 

6.03 

5 25 

4.17 

6 22 

5 36 

4 76 

Exercise.. 

50 

3 64 

6 22 

5 84 

4.30 

5.62 

5 33 

4 92 


BECOUD BBPBBIMBNT 


Period 

Cow 82 

Cow 411 

Cow 466 

Cow 254 

Cow 441 

Cow 83 

All cows 

Rest. 

40 

3 86 

4.67 

4 91 

3 33 

5.26 

4.58 

4.42 

Exercise. 

40 

3 86 

4.78 

5 64 

3 47 

5.18 

4.65 

4.55 


TABLE U 

Average fat content of milk from cows when exercising and when at resty the teats 
being made from selected individual milkings 



First group 

PERIOD 

cow 409 

cow 416 

BOTH COWS 


days 

per cent 

per rent 

j>er cent 

Rest. 

2 

6 92 

5.21 

6 69 

Exercise. 

12 

6 29 

6 68 

6.95 

Rest. 

8 


5.18 

5 69 


Second group 



PERIOD 

cow 245 

cow 401 

cow 435 

ALL COWS 


daps 

per cent 

per cent 

per cent 

per cent 

Exercise. 

2 

4.55 

5 63 

5 48 

5.19 

Rest. 

12 

4.29 

5.27 

6 29 

4.90 

Exercise. 

4 

4.24 

6 55 

5.38 

5.07 


EFFECT OF HOT WEATHER 

As a rule the composite milk supply from a large number of 
cows contains a smaller quantity of butterfat in summer than in 
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winter. There axe three possible factors having to do with 
lowering the test in summer-weather, feed, and recent freshening 
of cows. The herd maintained at the Dairy Division Experi¬ 
ment Station is one of the few which receives the same feed in 
summer as in winter and in which the cows freshen at all times 
of the year. For these reasons it offers exceptional opportunities 
for studying the effect of hot weather on the percentage of fat. 

Ever since the dairy herd was established at this station 
accurate tests have been made regularly every month of each 
cow’s milk. A two-day composite prepared by taking an aliquot 

TABLE 12 

Average fat content of milk from cowa when exercising and when at restf the teats 
being made from all milkings for six to ten days^ each milking tested separately 



FIRST GROUP 


Period 

Cow 82 

Cow 460 

Cow 402 

All cows 


day» 

per cent 

per cent 

per cent 

per cent 

Rest. 

6 

4 54 

4 88 

6.10 

5.25 

Exercise. 

6 

5.20 

4.99 

6.26 

5.52 

Exercise. 

10 

5.26 

4.74 

5.78 

5.28 

Rest. 

10 

4.73 

4.70 

5.35 

4.97 


BRCOND GROUP 


Period 

Cow 220 

«Cow 401 

Cow 401 

All cows 

Exercise. 

6 

4.59 

4.94 

6.03 

5.07 

Rest. 

6 


5.05 

5.83 

4.95 

Rest. 


4.24 

4.93 

5.42 

4.80 

Exercise. 

10 

4 59 

5.48 


5.27 


portion of each milking is used for testing. To date there are 
166 animals with at least one test in January and one in July. 
These two months were selected as representing the two extremes 
of temperature. Altogether 830 tests have been made in these 
two months. Some 426 calvings are represented, 179 of which 
occurred between the January and July tests, and 247 between 
July and January tests. A greater number received their first 
test in January than in July. It is evident, therefore, that in 
general the July tests were made later in the period of lactation 
and thus could not accoimt for any lowering of the fat content 
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in summer. Since such lowering was not due to the feed, nor 
to the stage of lactation, it could only be due, apparently, to the 
hot weather of summer. Table 13 gives a compilation of these 
tests. 

In preparing this table the tests for January and July were 
listed separately for each cow and an average test for each of the 
two months was obtained. From the averages thus secured the 
figures given in the table were prepared. They represent, 
therefore, averages in which the data from each cow receive 
equal weight regardless of whether the tests are for only two 
months or several. 


TABLE 13 

Effect of season on per cent of fat 


BRSED 

NT7MBRR 

OF 

NUMBER OF 
CALVINGS 

NUMBER OF TESTS 

AYBRAQB OF TESTS 

DIFFER' 

ANIMALS 

January 
to July 

July to 
January 

January 

July 

January 

July 

BNUR 

Jersey. 

49 

39 

45 

69 

93 

per emt 

5 96 

per cent 

5.39 

0.67 

Holstein. 

41 

54 

48 

106 

126 

3 66 

3.62 

0 04 

Guernsey. 

16 

25 

24 

42 

46 

5 75 

5 03 

0.72 

Grade Jersey. 

11 

12 

42 

47 

44 

5.03 

4 94 

0 09 

Grade Holstein ,. . 

15 

19 

15 

33 

40 

4.10 

3.98 

0.12 

Grade Guernsey.. 

22 

21 

27 

46 

53 

5 20 

4.67 

0.53 

Mixed. 

12 

9 

46 

49 

36 

4 37 

4.35 

0.02 

Total. 

166 

179 

247 

392 

438 

4 92 

4 59 

0.33 


It is thought that sufficient numbers of animals and tests are 
included in this compilation to make the results fairly conclusive, 
though the difference between summer and winter amounts to 
only .33 per cent. Apparently the test of Holstein cows is not 
affected by hoi weather to so great an extent as that of Jerseys or 
Guernseys; in fact these data fail to show any appreciable differ¬ 
ence between winter and summer tests of Holsteins. 

SUMMARY 

The feeding of prickly pear lowers the percentage of fat in the 
milk. The outstanding characteristics of prickly pear analyses 
are the high water and mineral contents. 









478 


T. B. WOODWATO 


The mineral matter is especially high in calcium and mag^ 
nesium. 

Much of the work reported above was done with the idea of 
finding what particular constituent was responsible for the 
decrease in percent of fat. 

The quantity of water consumed does not affect the test. 

Calcium either in the form of bone meal or limestone has no 
definite influence on the test. 

A combination of high water and high mineral feeding as 
compared with low water and low mineral has no influence on the 
percentage of fat in the milk. 

The carbonate and sulphate of magnesixim do not lower the 
per cent of fat. 

The feeding of 7 to 11 pounds per cow per day of cottonseed 
meal and linseed oil meal caused an increase in the fat content of 
the milk. 

Gluten feed at the rate of 6 to 7| pounds per day did not affect 
the test. 

Linseed oU has the same effect as linseed oil meal. 

Small quantities (2 or 3 pounds) of linseed oil meal do not 
seem to affect the test. 

Apparently the influence of the linseed oil meal feeding on the 
percentage of fat in milk is temporary. 

Since linseed oil exerts the same effect as the meal, and since 
gluten feed which is low in oil does not affect the test, the con¬ 
clusion is that the results observed are due to the oil rather 
than the protein. 

Exercise by walking three miles a day increases the test 
slightly but unmistakably. 

Hot weather lowers the test. 

The decrease is greater with those breeds yielding naturally 
a milk high in fat. 



THE BACTERIAL CONTENT OF COW FECES* 

P, W. ALLEN 

Bacteriology Department^ Washington Experiment Station, Pullman, Washington 
Received for publication May 23, 1923 

In estimating the importance of the different factors which 
have to do with the contamination of market milk, fecal con¬ 
tamination has sometimes been underestimated. In the past 
it has been assumed that 5,000,000 bacteria per gram is a fair 
average for the cow feces which contaminates milk. For fresh 
feces this average might stand. But it is the feces which has 
dried on the cows body at near blood heat which generally con¬ 
taminates milk. When the bacterial content of this type of 
feces is determined it is found to contain about a billion bacteria 
per gram. It is easily seen that only a slight amount of con¬ 
taminating material containing a billion bacteria per gram is 
needed to increase the bacterial content of milk tremendously. 
One-tenth of one gram per quart of milk might add half a million 
bacteria per cubic centimeter of milk. 

The above facts were brought out pointedly by Dr. M. J. 
Prucha* in results read before the nineteenth annual meeting 
of the Society of American Bacteriologists. 

It is the object of the work reported here to add further 
data to that already mentioned. 

The media used was standard beef extract agar of reaction 
about pH = 6.8. 

Two hundred and fifty representative colonies were taken from 
the plates of fresh feces and were placed in litmus milk tubes 


♦Results obtained from Dairy Herds at University of Illinois and Cornell 
University. 

* M. J. Prucha, H. M. Weeter, and W. H. Chambers, Germ life in cow feces^ 
Abs. of Bacteriology, vol. ii, no. 1, p. 6 (1918), 
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TABLE 1 


Bacteria per gram in fresh cow feces 


riBC£8 BAMPLSa 

PZ^Ta COUNT, PKB GRAM 

1 

43,000,000 

2 

1,000,000 

3 

30,000,000 

4 

39,00,000 

5 

634,000,000 

6 

26,000,000 

7 

320,000,000 

8 

500,000 

9 

160,000 

10 

2,640,000 

11 

21,200,000 

12 

230,000 

13 

44,000,000 

14 

37,000,000 

15 

378,000,000 

IG 

510,000,000 

17 

14,000,000 

18 

20,000,000 

10 

44,000,000 

20 

7,000,000 

21 

14,000,000 

22 

630,000,000 

23 

390,000,000 

24 

53,100,000 

25 

1,820,000 

26 

570,000,000 

27 

5,000,000 

28 

191,000,000 

29 

624,000,000 

30 

1,320,000 

31 

6,900,000 

32 

24,600,000 

33 

27,500,000 

34 

405,000,000 

35 

3,300,000 

36 

78,200,000 

37 

9,800,000 

38 

14,000,000 

39 

11,670,000 

40 

17,500,000 

41 

5,860,000 

42 

265,000,000 

43 

26,500,000 

44 

5,940,000 

45 

525,000,000 

46 

30,000,000 

47 

12,760,000 

48 

23,000,000 

49 

6,500,000 

50 

41,600,000 
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TABI.E 2 

Bacteria per gram in cows* feces (dried) 


Feces were dried on porous plate covers at 37® C. for forty-eight hours. 


FK0B8 BAMFXiSS 

PLATS coTirrr, psk obam 

1 

0,600,000,000 

2 

16,800,000,000 

3 

4,800,000,000 

4 

2,310,000,000 

5 

860,000,000 

6 

1,120,000,000 

7 

1,340,000,000 

8 

1,740,000,000 

9 

3,350,000,000 

10 

5,360,000,000 

11 

1,780,000,000 

12 

1,430,000,000 

13 

2,120,000,000 

14 

950,000,000 

15 

3,160,000,000 

10 

1,110,000,000 

17 

710,000,000 

18 

1,170,000,000 

19 

1,460,000,000 

20 

1,340,000,000 

21 

1,910,000,000 

22 

670,000,000 

23 

1,420.000,000 

24 

500,000,000 

25 

1,100,000,000 

26 

5,730,000,000 

27 

2,040,000,000 

28 1 

810,000,000 

29 

4,190,000,000 

30 

1,760,000,000 

31 

1,302,344,000 

32 

500,000,000 

33 

2,420,500,000 

34 

1,250,200,000 

35 

3,220,000,000 

36 

990,000,000 

37 

520,000,000 

38 

1,500,200,000 

39 

7,130,000,000 

40 

1,010,000,000 

41 

2,310,200,000 

42 

1,576,000,000 

43 

870,000,000 

44 

610,000,000 

45 


46 

920,000,000 

47 

1,809,000,000 

48 

9,130,000,000 

49 

3,410,000,000 

50 

810,000,000 
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which were incubated thirty days at 20°C. 
as follows: 


Weak acid forming micrococcus. 

Strong acid and gas formers. 

Weak alkali forming rods. 

Strong liquefying rods (non-gae-forming) 

Neutral micrococcus. 

Bacterium lactic acid. 

Aerogenes forms. 

Strong alkali forming rods. 

Fluoresens liquefaciens forms. 


The results were 


7 WT cent 

.21.7 
. 8 4 
.10 G 
.18.7 
.12 4 
. 9 2 
. 8.4 
. 7.6 
. 2.0 


It was found that when synthetic media varying between 
pH « 6.8 to pH = 7.3 were used and an incubation period of 
twenty days at 28°F., very much higher counts were obtained 
than are given in the foregoing table giving the bacterial content 
of cow’s held for forty-eight hours. Due to this fact it is con¬ 
sidered that flora results obtained from plates vary with the 
kind of media used. Due to this fact no flora determinations 
were made of the dried feces and those given for the fresh feces 
have little significance beyond showing what kind of organisms 
grow when standard beef extract agar is used. 


CONCLUSION 

We must revise our conception of how many bacteria one- 
tenth of a gram of dried cow’s feces may add to market milk. 













A SYSTEM OF REARING DAIRY CALVES WITH 
LIMITED USE OF MILK 

L. A. MAYNARD and L. C. NORRIS 
Department of Animal Iluahandry^ Cornell University^ Itkacaj New York 

Received for publication January 1923 

In 1907, experiments were begun here relative to methods of 
rearing calves under conditions where milk and its products were 
either unavailable or uneconomical to use. The results of studies 
made from 1907 to 1909 have been published by Savage and 
Tailby (1). The work described by these authors included 
studies of various proprietary calf meals and of dried milk prod¬ 
ucts as substitutes for skim milk. In continuation of the work 
begun in 1907 the studies here reported describe results obtained 
with a system of feeding which does not involve the use of milk 
or its products after the first few weeks of age. 

The need of such a system in dairy practice is for the dairyman 
who sells his product as market milk and has no skim milk for 
calf rearing; for the use of whole milk is too expensive to be 
practicable in most herds. The problem is by no means a new 
one. Both American and foreign literature are full of accounts 
of studies bearing on it. As a result of these studies many partial 
or complete substitutes for milk have been proposed and a large 
number of proprietary preparations are on the market. Some 
of them are enjoying a considerable use in practice, but there 
evidently still remains much to be desired from the standpoint 
of satisfactory growth and of freedom from digestive disturbances. 

In an endeavor to overcome these limitations, an investigation 
of the problem has been in progress by the authors since 1919. 
It has involved experiments with laboratory animals and certain 
chemical studies of various feeding stuffs, as well as growth and 
metabolism studies with calves. The latter work has been con¬ 
fined largely to rations formulated at this station, although a few 
trials of proprietary calf meals have been made. In an endeavor 
to avoid as much as posdble the digestive troubles frequently 
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encountered in rearing calves, particularly where a substitute for 
milk is used, certain studies have been made of the relation of 
intestinal putrefaction and fermentation to these troubles. A 
preliminary report on this work has been published (2). 

The present article deals only with growth studies with calves, 
made in 1921 and 1922. It seems desirable to publish this portion 
of the work apart from the rest because it indicates that substan¬ 
tial progress has been made and describes the results obtained 
with a system of feeding w'hich, it is believed, is a contribution to 
animal husbandry practice. The present report must be con¬ 
sidered a preliminary one, inasmuch as the work still in progress 
may modify somewhat the recommendations here tentatively 
suggested, as well as furnish further information on points not 
yet clear. 


EXPERIMENTAL 

In the studies reported in this paper, the milk normally 
received by the calf was replaced at about four weeks of age by a 
gruel made from the following combination of materials: 

250 pounds corn meal 
250 pounds red dog flour 
150 pounds ground oat groats 
150 pounds linseed oil meal 
100 pounds ground malted barley 
100 pounds soluble blood flour 
10 pounds precipitated calcium carbonate 
10 pounds precipitated bone meal 
10 pounds salt 

The above formula, which may be referred to as a calf meal, 
was found to have the following analysis: water, 9.3 per cent; 
ash, 5.1 per cent; protein, 24.0 per cent; fiber, 3.6 per cent; 
N. F. E., 63.7 per cent; and fat, 4.4 per cent. The selection and 
proportion of ingredients is based on previous studies. The 
formula is especially designed to be as suitable as possible for the 
calf dming the time when little other teed, such as hay and grain, 
is consumed. All of the ingredients are highly digestible and 
have been selected to make the mixture as low as possible in 
fiber. Each ingredient is finely ground, both because of pre- 
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sumably easier digestibility and because fineness of division is 
essential to avoid too rapid settling when the mixture is made 
into a gruel. 

The blood flour furnishes a highly digestible animal protein 
to supplement the less efficient vegetable protein of the other 
ingredients. Blood flour has long been considered a valuable 
ingredient in calf meals both because of its nutrient value and 
because of a favorable effect in counteracting digestion troubles. 
The product used by us was entirely soluble in water and was 
obtained from the United Chemical and Organic Products 
Company, Chicago, Ill. 

Linseed oil meal is another favorite ingredient of calf meals, 
not only because of its nutrient value but also because of its 
favorable physical effect. It also aids materially in keeping the 
meal in suspension in water due to its emulsifying properties. 

Malted barley has a special value due to its diastatic action. 
That its addition results in a certain amount of saccharification 
of the higher carbohydrates of the other ingredients has been 
shown by our chemical studies. 

It is obvious that a cereal grain mixture is deficient in lime as 
compared to milk. In earlier studies calcium carbonate alone 
was used. The combination of carbonate and phosphate was 
substituted at the suggestion of Dr. E. B. Forbes and we believe 
it has proved more satisfactory than the carbonate alone. The 
special sources of carbonate and phosphate used were chosen on 
the basis of purity, fineness of division and wholesomeness. 

One can only speculate as to the suitability of the meal as 
regards vitamine content, since little is known as to the vitamine 
requirements of calves. The meal has resulted in normal growth 
in rats from four weeks of age to maturity. On the basis of the 
ingredients one would expect it to contain adequate B, to be 
rather deficient in A, and to be very deficient in 0. However, it 
must be remembered that the calf probably stores some A during 
the period of whole milk feeding and that both A and C are 
supplied by roughage of the right character as soon as the calf 
begins to eat it. 
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The calves received hay and a dry grain mixture as soon as 
they would eat those feeds, following in this respect the procedure 
used with calves reared on milk. The dry grain ration was made 
up as follows: 

30 pounds hominy 
30 pounds ground oats 
30 pounds wheat bran 
10 pounds oil meal 

The hay used was good quality clover or alfalfa. 

The quality of the hay is especially important where a calf 
meal is used, because the more palatable it is the sooner the calves 
commence to eat it in quantity. This in txun develops the 
digestive tract, enabling it better to handle the substitute for 
milk. The great superiority of legume hay as regards lime and 
vitamines is a very important consideration in using it where 
milk is not fed. 


THE CALVES 

The animals used in the present trials comprised 7 grade 
Holsteins, 6 purebred Holsteins, and 2 purebred Shorthorns, all 
heifers. In all of our trials, with the exception of one of those 
reported here, the animals were liihited, by reason of lack of 
*barn space aftd other considerations, to those available in the 
University herd. For comparative purposes animals • of the 
same breed and sex were desired and Holsteins were chosen 
because they were available in the largest numbers. In the last 
trial reported here, 2 Shorthorns were used, which represents the 
beginning of a plan, in so far as animals are available, to see how 
the calf meal will be handled by other breeds. The grade animals 
used were purchased from nearby farmers. They were healthy 
individuals, but not otherwise specially selected. Those calves 
from the University herd were not specially chosen; rather all 
available ones were used, except certain individuals deemed too 
valuable for use on experiment.' At no time was any calf re¬ 
moved from the experiment by reason of lack of thrift or diffi¬ 
culty in handling the ration, it being recognized that ability to 
cause continuous normal growth was the primary measure of, 
the value of the system of feeding. 



STSTEM OF REABING DAIBY CALVES 


487 


FEEDING AND MANAGEMENT 

The calves were kept in separate stalls and received the same 
general care accorded to similar animals in the University herd. 
Each calf was fed whole milk three times a day until the change 
was made to gruel. This change was usually begun during the 
fourth or fifth week, the exact time depending on the condition 
of the calf. 

In keeping the calves on whole milk for about four weeks, it 
was recognized that the period is somewhat longer than holds in 
practice where skim milk is substituted for whole milk. In 
previous trials, we have started the substitution of gruel as early 
as two weeks of age and found it could be done satisfactorily with 
a fairly long period of change. However, we believe that feeding 
whole milk to about four weeks of age gives the animal enough 
better start, enabling a more rapid change to gruel with less 
digestive upset, to be worth while even though more whole milk 
is thus required. 

About three weeks were allowed for making the change from 
milk to gruel. For calves over four weeks of age at the beginning 
of the change a shorter period usually sufficed. With all calves 
the period of change was governed by the condition of the calf 
rather than by any set rule. The beginning and duration of the 
period of change is shown for each calf in connection with figures 
1, 2 and 4. 

The gruel was made by mixing 1 pound of the calf meal with 
5 pounds of water at about 100°P’. It was fed three times a day. 
In changing from milk to gruel the first addition of the latter was 
that which would correspond to a daily ration of about i pound 
of the calf meal. Beginning with this initial addendum, the gruel 
was gradually increased and the milk decreased until the change 
was completed. The milk and gruel were fed together. Assum¬ 
ing that a caK was receiving 12 pounds of whole milk before the 
period of change, the following illustrates a possible feeding 
schedule during the actual period: 
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DA.Y 

i 

WHOLE MILK 

OBUSL 


poundt 

Voun^ 

1 

9 0 

1.5 

5 

7.5 

3.0 

8 

6.0 

4.5 

11 

4 5 

6 0 

14 

3 0 

7.5 

17 

1.5 

9.0 

20 

0 

9 0 


It must be emphasized, however, that no set schedule was main¬ 
tained with any calf. The length of the period of change, the 
times of increasing the addendum of meal and the actual amount 
of milk and gruel fed were all governed by the condition of the 
calf. If a given mixture of milk and gruel produced digestive 
disturbances, as shown bj’- liquid or pasty and foul-smelling stools, 
no further change was made until these conditions disappeared. 
If they persisted for three or four days the food was usually cut 
down in amount, temporarily, or perhaps omitted entirely for a 
feeding. Sometimes in extreme cases, the proportion of milk to 
gruel was increased temporarily. This procedure was followed 
in recognition of the principles that it is not what the calf eats, 
but what it assimilates that is of benefit, and that it is better to 
underfeed the animal to the extent of a temporary retardation of 
growth rather than to cause digestion troubles which, if contin¬ 
uing for any considerable period, are difficult to overcome and 
result in slow growth over a protracted period. These principles 
apply to the calf reared on milk and they must apply with double 
force where a food much less suitable to the digestive' system of 
the animal is being used. Detailed mention has been made of 
the feeding during the period of change because it is believed that 
the system of feeding according to the condition of the individual 
animal has been an important factor in the results obtained. 

Having completed the change from milk to gruel, the latter was 
gradually increased with the appetite and condition of the calf. 
In general, no increase was made for at least a week after discon¬ 
tinuing the milk, thus keeping the gruel below what the calf 
might actually consume, in order to get it well started on the 
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ration containing no milk. If the calf is carried through the 
period of change and for a week or so thereafter with only slight 
digestive upsets, the time of greatest possible trouble is over. The 
animal is accustomed to the change in food and is at an age when 
some hay and dry grain is being eaten and when its digestive 
system is becoming developed to handle the more bulky and less 
digestible feeds. For regular and maximum growth, however, 
the condition of the animal must be constantly watched to avoid 
overfeeding and digestive upsets, and the feed regulated accord¬ 
ingly. In general, the maximum daily feeding of gruel has been 
15 pounds (2j pounds calf meal) in these studies, usually fed 
during the fifth and sixth months. Many calves will eat more 
than this amount during this period, but it is more economical for 
them to get the rest of their nutriment out of dry grain and hay 
since they can handle the latter feeds in quantity at this time. 

Hay and the dry grain were placed before the calves at three 
to four weeks of age. In general neither was consumed in any 
quantity until the seventh or eighth week. The rule followed in 
feeding hay and grain was to allow the calves all they would clean 
up. The grain mixture was fed twice daily in such amounts as 
would be cleaned up within an hour after feeding. The calves 
were watered twice daily. 

With the idea of making up possible vitamine deficiencies a 
small addendum of carrots was made to the ration in the second 
trial reported in this paper. Carrots are rich in C and contain 
some A, the two vitamines most likely to be deficient under our 
system of feeding as has been pointed out. Bearing in mind 
that the period of most probable deficiency is during the time 
when little or no milk is being consumed and before the legume 
hay is eaten in any quantity, it was decided to begin the carrot 
feeding with the inauguration of the change from milk to meal. 
Since it was questionable whether calves four weeks old would 
handle raw carrots satisfactorily it was decided at the start to cook 
the carrots and to change to raw after the calf had gone through 
the transition period from milk to meal. It was recognized that 
cooking would destroy part of the vitamine C content, but it 
seemed better to accept such a loss than to add in raw carrots 
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another possible factor contributing to digestion troubles during 
the period of change. The carrots were run through a food 
chopper, covered with boiling water and boiled for five minutes— 
a procedure designed to furnish the desired cooking with minimum 
loss of C. With the beginning of the change from milk to meal 
the cooked material, without any removal of water, was added 
to the milk—gruel mixture in an amount equivalent to ^ pound 
of carrots per day. The addendmn was gradually increased until 
at the time the milk was discontinued the calf was receiving ^ 
pound of cooked carrots daily. At about this time, a change was 
made to chopped raw carrots, fed with the dry grain mixture. 
It was our practice not to begin with raw carrots until the calf 
was at least six weeks of age and eating I pound of dry grain a 
day. The feeding of raw carrots was begun at « pound per day 
and gradually increased to 1 potmd per day, which was in general 
the maximum amount fed. The rate of increase depended on 
the grain consumption. The maximum addendum was not 
attempted until the calf was eating at least I 5 pounds of dry 
grain daily. Some calves, of course, were much slower than 
others in reaching this figure. All the calves, with 1 exception, 
ate the carrots readily. No unfavorable results occurred from 
feeding them as far as could be observed. 

THE MEASURE OF GROWTH 

The ideal method of measuring the success attained with the 
system of feeding here described would be to compare the growth 
and development with that of a check lot reared on skim ndlk. 
Such a procedure was followed in an earlier trial, but was later 
given up because of lack of animals. With the publication by 
Eckles (3) of data as to the normal growth of dairy cattle, a very 
useful measure for our work became available. This investigator 
made a study of the growth from birth of the purebred dairy 
animals of the Missouri herd, recording the monthly increase in 
weight and height at withers, and thus was able to construct 
normal growth curves for the different breeds, based on a large 
number of individuals. Our results have been compared with 
these curves. As calves, the animals studied by Eckles were 
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reared on skim milk together with grain and hay, usually alfalfa, 
from two weeks of age to six months, and were evidently subject 
to the same general conditions of management as obtain at the 
barns here. However, it is probable that our animals had an 
advantage as regards liberality of feeding, since they were given 
all the grain they would eat, while those reared at Missouri were 
evidently limited somewhat in this respect. 

We were able to secure a few data from the University herd 
as to the growth of calves reared on skim milk w'hen receiving 
all the grain they would clean up. The observations shown in 
table 1 were made during a period nearly corresponding to the 
one in which the second trial reported in this paper was carried 
out and embraced animals which were not included in the calf 
meal experiment, because of plans for their early disposal or other 
reasons. 


TABJ.E I 

A verage daily gain of purebred Holstein heifer calves reared on skwi milk 


CAUf 

WKIQHT AT BIRTH 

WEIGHT AT 8IX MONTHS 

AVERAQX DAILY GAIN 


fwunda 



E-9 

95 

421 

1.81 

213 

100 

411 

l.T-S 

221 

99 

408 

1.72 

222 

96 

396 

1.66 

223 

88 

390 

1.68 

225 

91 

391 

1.67 

Average. 

95 

402 

1 71 


The average daily gain shown in table 1 is 1.71 pounds in com¬ 
parison to a figure of 1.44 pounds obtained from Eckles’ data. 
Of course, as a fair mean, the figure of Eckles is more reliable 
because based on a much larger niunber of individuals, embracing 
animals born in every month of the year. Though more com¬ 
parable as regards method of feeding, the data in table 1 are less 
useful than Eckles’ for measuring the success attained in our 
trials because, due to lack of periodic weighings, no opportunity 
is afforded for comparing the regularity of the rate of growth, a 
measure especially desired with a system of feeding likely to cause 
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temporary upsets. Thus Eckles’ curves have been our principal 
basis of comparison. We have been careful, however, to point 
out, as will be noted in the discussion of the results which follows, 
the limitations involved. As a supplementary measure for 
comparison, the data in table 1 have been used. 

The calves used in the studies here reported were weighed at 
birth, and weekly during the experimental period. The weigh¬ 
ings were made at the same time of day so chosen as to be as long 
as possible after feeding or watering. To obtain the weight at 
the close of the sbc months experimental period, an average was 
taken of weighings on three successive days. 

In the second trial, height at withers was measured at birth 
and monthly thereafter, taking an average of three measure¬ 
ments. Such measurements are subject to considerable error, 
but when plotted as was done by Eckles the trend of the curve 
indicates whether skeletal development is keeping pace with 
increase in weight. 

In addition to increase in weight and height there are certain 
other measures of condition and development which are impor¬ 
tant in judging the success of a given ration, though they are 
difficult of quantitative expression.. The experienced observer 
needs no scales or measuring stick to detect a thrifty animal. The 
character of the coat, the nature of the excreta, the shape of the 
belly and the activity of the animal all indicate how the feed is 
being handled. Careful observations were made from day to day 
of these less expressible measures of growth. They were used 
constantly in regulating the feed of the animals. 

RESULTS 

It is convenient to discuss separately the results obtained in 
the two trials reported since the experimental conditions were 
somewhat different. For this discussion the trials wiU be 
referred to as series A and B. 

Series A 

This trial was conducted in the summer and fall of 1921 
using the 7 grade Holstein heifer calves previously mentioned. 
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The growth curves of these calves are shown in figure 1. It is 
noted that these curves do not start at the same point as the 
accompanying curve of normal growth. This is due to the fact 
that, being purchased calves, their birth weights were not known. 
However, their ages were known and the first point on the curve 
represents the weight at the age at which they were received at the 
University barn. The vertical dotted lines setting off the period 
of change from whole milk to gruel show that the change was 
usually begun somewhat later than at four weeks of age, as 
planned. This was due to the fact that most of the animals were 
three or four weeks old when received and the desirability of 



Fig. 1. Curves of Growth in Weight of Holstein IIeiper Calves (Series A) 

The dotted curves represent normal growth according to Kckles’ data. 

The vertical dotted lines mark off the period during which the change was 
made from milk to gruel. 

continuing the milk feeding until they became accustomed to 
their new surroundings, necessitated the delay. It is noted that 
growth was rather irregular, many instances of actual loss of 
weight being recorded. In several cases, these losses corresponded 
with periods of extremely hot weather and cannot be charged 
entirely to the nature of the ration. However, the curves show 
that most of the animals suffered at least a temporary check 
in rate of growth as soon as the milk was entirely removed, 
indicating that the system of feeding was not conducive to the 
regular normal growth desired. No check occurred with calves 
12 and 16. For all of the calves, except calf 16, the period of 
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change and the subsequent four or five weeks coincided with 
the hottest months of summer. Thus, the results shown were 
obtained under the most adverse weather conditions. Further, 
each calf spent a day at three or four different times during the 
period following the change in a metabolism cage, which gener¬ 
ally adversely affected appetite and disposition. Some metabo¬ 
lism studies were made with calf 16 while it was on milk, and this 
explains why the period of change was begun later for this calf. 
Thus the animal got a better start on milk than the others and 
this may account for the better and more uniform growth. 

Though figure 1 shows the extent of success in securing contin¬ 
uous normal growth, the actual growth over the period is best 
indicated in table 2. 


TABLE 2 

Rate of growth of grade Holatein heifer calves {series A) 


CALF 

AVlBBAOig DAILY OBOWTH 


])Oun(U 

10 

1.34 

11 

1.40 

12 

1.55 

13 

1 40 

14 

1.31 

15 

1.40 

16 

1.67 

Average. 

1 44 


The average rate of growth of the animals on which Eckles’ 
normal curve was based is 1.44 pounds per day. The data 
reported in table 2 show an identical average, a figure, however, 
that falls considerably short of the 1.71 pounds per day shown in 
table 1. The averages reported in table 2 do not cover the 
entire six months period since the rate of growth of the first two 
or three weeks could not be recorded. Omitting this period of 
slower growth would tend to make the figure reported larger 
than the true average for the full six months. The calves 
reported in table 2 were at a disadvantage with respect to those of 
Eckles in being grade animals, reared during the most unfavorable 
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season and subject to the disturbances of the metabolism cage- 
On the other hand, they may have been fed more Hberally. 
Though fed comparably to those reported in table 1 they were 
poorer individuals and were at a decided disadvantage as regards 
the time of year in which they were reared. 

No serious digestive disturbances were caused by the gruel 
feeding. There were occasional instances of liquid or pasty and 
rather bad-smelling stools, but these difficulties always cleared 
up in a few days with a proper regulation of the food. The peri¬ 
ods of retarded growth corresponded in general with those in 
which the food was cut down either due to lack of appetite or 
temporary digestion trouble. Where these periods were at all 
prolonged the coat became rough. In no case was pot belly 
markedly evident. At the close of the trial all animals were in 
good condition and their coats had practically lost any previous 
roughness. 


Series B 

The calves used in this series were purebred animals from the 
University herd, born from October, 1921, to March, 1922. 
They comprised 6 Holsteins and 2 Shorthorns. They were fed 
similarly to those in series A with the exception that all except 
the Shorthorn calf 133, received carrots fed as previously de¬ 
scribed. Calf 133 received no carrots, but was fed mangels, 
beginning with the tenth week. The growth curves for the 
Holstein calves are shown in figure 2. It is noted that all calves 
exceeded the check curve, 4 of them markedly. No retardation 
of growth is indicated following the omission of the milk. Over 
the entire six months the growth is seen to be regular, practically 
paralleUng or exceeding the check curve at every period. It is 
believed that these results, showing regular normal growth free 
from digestion troubles even during the period of change and 
immediately thereafter, constitute the most important feature 
of the work here reported, A more regular growth than occurred 
in series A would be expected because of the more favorable 
weather conditions, better individuals, and absence of experi¬ 
mental disturbances. Nevertheless it is felt that the addition of 
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Fig. 2. Curves op Growth in Weight op Holstein Heifer Calves (Series B) 

The dotted curves represent normal growth according to Eckles^ data. 

The vertical dotted lines mark off the period during which the change was 
made from milk to gruel. 



Fig. 3. Curves op Growth in Height at Withers of Holstein Heifer Calves 

(Series B) 

The dotted curves represent normal growth according to Eckles’ datSi 
The abscissas mark off periods of forty days. 
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carrots to the ration must have also been a factor. A comparison 
of the results with some obtained the previous winter, where no 
carrots were fed, indicates that the carrots must have had a 
favorable effect on growth. 

That the growth as shown by increase in weight was accompa¬ 
nied by a corresponding skeletal development is shown in figure 3. 
The curves for increase in height at withers are seen to equal 
or exceed the check, even as occurred in the case of the weight 
measurements. 

The extent of the growth obtained is best shown in table 3. 


T\m,E 3 

Hate of growth of purebred Holstein heifer calves (series B) 


CALF 

WEIOIIT AT IJIJITH 

WEIGHT AT MIX MONTHS 

AVEHVOE OAIIf 


pounds 

pounds 

pouTuh 

135 

105 

416 

1.73 

137 

90 

423 

1 85 

200 

107 

408 

1.67 

201 

99 

438 

1 SS 

20<S 

8S 

305 

1.54 

211 

77 

o 

1.52 

Average. 

94 

400 

1 70 


In making an average daily gain of 1.70 pounds per day the 
group of calves reported in table 3 equaled the average gain made 
by the six similar animals reported in table 1 wliich were reared 
on skim milk in a nearly identical period. Thus, it would appear 
that under our system of feeding results were secured comparable 
in both rate and regularity of grow'th to those obtained with 
calves reared on skim milk. 

As would be indicated from the regularity of the growth, the 
calves in series B experienced little digestion trouble, being more 
free from it than those in series A. It is believed that there was 
little if any more occurrence of abnormal feces and of going-off 
feed than occurred with the group reared on skim milk. 

The results obtained with the Shorthorn calves are shown 
in figures 4 and 5. Eckles’ data as to the increase in height of 
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Shorthorns begin at thirty days instead of at birth, which explains 
the starting point of the dotted curve in figure 4. Both the calves 
are seen to have exceeded the average. It is not worth while to 
discuss the results with only 2 individuals of a breed except to 
point out that the results support those obtained with the 
Holsteins. 

In reporting the work described in series A and B, it has been 
our primary object to show that calves can, by a proper system 
of feeding, be reared satisfactorily without milk after four to 

540 
500 
Z60 
ZZO 
160 
140 

too 

60 



Fig. 4. ("urveh of Growth in 
Wjjight of Shorthorn Heifer 
(Halves (Series B) 

The dotted curves represent nor¬ 
mal growth according to Eckles’ 
data. 

The vertical dotted lines mark off 
the period during which the change 
was made from milk to gruel. 


Fig. 5. Curves of Growth in 
Height at Withers op Short- 
Horn Heifer Calves (Series B) 

The dotted curves represent normal 
growth according to Eckles' data 
(curves begin at age thirty days). 


eight weeks of age, and that gains comparable to those produced 
by skim milk are possible. The work leaves many questions, 
some of great practical interest, unanswered. No mention has 
been made of the amount of food consumed and the cost thereof. 
Though we have feed records for the work reported, these records 
are not as accurate as desired, and it seemed best to postpone 
the report on feed consumption and cost until there is completed 
the studies now in progress especially planned to overcome the 
difficulties of securing accurate data on these points. 
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That the carrots were in part responsible for the excellent 
results in series B is probable but not proved. By the use of 
a check lot not receiving carrots it is hoped to clear up this 
point in the studies now in progress. Our results showed that 
the addition of carrots stimulated the consumption of dry grain. 
The question arises as to whether the effect of the carrots lay 
solely in causing the calf to eat more food or whether they 
constituted an otherwise useful constituent of the ration, perhaps 
furnishing a needed vitamine. It is hoped that the work now in 
progress will furnish some answer to these questions. 

Just what contribution to the success of the results is made 
by beginning the carrot feeding as eailj'^ as was done, and whether 
cooking is necessary at this stage, are points which must be made 
clear because of the questionable practicability of the procedure. 
The {[uestion further arises as to whether other roots, such as 
mangels, would be as satisfactory as the carrots. 

The system of feeding here described is by no means recom¬ 
mended t,o replace the use of skim milk. Where tlie latter is 
available, it constitutes the more economical and presumably 
the more satisfactory method. In its absence, the results 
obtained with the system of feeding described are believed such 
as to commend it as a useful alternative. 
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Appetite, as an indicator of physiological needs, has been 
minimized by many investigators in the field of human and 
animal nutrition. From the beginning the whole animal king¬ 
dom has been controlled in its feeding problems only by appetite 
and environmental limitations of the feed supply. Con¬ 
sequently, even though the rdle of appetite be not of great 
importance under artificial experimental conditions, yet, if the 
broad facts of the case, the continued existence and multiplica¬ 
tion of man and other animals after countless eons of feeding 
with appetite as their sole guide, be taken into consideration, it 
must be recognized as of some value. 

EKlSUMfi OF PKEVIOUS WORK 

The attention that has been given to the study of appetite 
can hardly be called critical. Evvard (54) has reviewed the 
literature on the subject and shown that appetite is a fairly 
reliable indicator of the physiological needs of the pig. A very 
hmited amount of work has been done with cattle, but other 
material, not obtained with a view to stud 5 dng the appetite of 
animals, may be reviewed here as of interest in cormection with 
the work reported on the grinding of grain for calves. 

It has been stated by Jordan (56) that the grinding of oats 
and corn increased their digestibility in the case of horses, 
though with sheep whole oats were as completely utilized as 
ground grain. 


600 
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It has been found by Fain and Jarnagin (55) that, where corn 
meal and shelled corn were used to supplement skim milk for 
calves, the daily consumption of shelled corn was greater than 
that of corn meal, though the rate of gain was greater and the 
amount of grain consumed per 100 pounds live weight gain loss 
in the case of the shelled corn. Kildee (57) also recommended 
whole oats in preference to ground oats for calves. Otis (58) 
found that calves fed shelled corn made larger gains and con¬ 
sumed less skim milk and hay, but slightly more grain per 100 
pounds live weight gain, than did those fed corn chop. He also 
found that skim milk calves, two to three months old, con¬ 
sumed about 10 pounds of water per head daily. 


TABLE 56 
Animals used 



CALP 411 

CALF 413 

CALP 414 

Breed. 

Guernsey 

Ayrshire 

Holstein 

Sex. 

Male 

Female 

Female 

Initial age, days. 

70 

37 

30 

Initial weight, pounds. 

140 

no 

no 


In view of the work that has been done with the self-feeder 
as an adjunct in the management of other types of live stock 
this work was undertaken with young calves. The main object 
was to determine the ability of calves to select rations suited 
to their needs, to see their preferences for the various con¬ 
centrates and obtain some knowledge of their demands for salt 
water. 


EXPERIMENTAL WORK 

Three calves, 2 heifers and a bull were used. All were in 
good growthy condition and information concerning them is given 
in table 56. 

From the time they were taken from their dams at about three 
days of age, until the beginning of the experiment, the calves 
had been fed whole milk. All had become accustomed to con¬ 
suming small quantities of hay, while the bull, no. 411, was 
the only one familiar with grain. 
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The experiment lasted for two periods of thirty days each, 
and throughout this time the animals were given what milk was 
thought to be suited to their needs, skim milk being used to 
replace part of the whole milk as they became older. A supply 
of alfalfa hay, of medium quality, was kept before the animals 
at all times. A self-feeder in the pen contained the following 
feeds in separate compartments: 


Shelled corn 
Cracked corn 
Whole oats 
Ground oats 
Hominy feed 


Linseed oil meal (O.P.) 
Wheat bran 
Corn gluten feed 
Salt 

Charcoal 


For a few hours each day fresh water was kept in front of the 
calves. 


TABLE 57 

Individual milk consumption {arbitrarily allowed) 



PXRIOO I 

PICKIOD IJ 

Calf 

411 

Calf 

413 

pounds 

204 

42 

Calf 

414 

Calf 

411 

Calf 

413 

Calf 

414 

Whole milk. 

pounds 

270 

84' 

pounds 

204 

42 

pounis 

226 

226 

pounds 

226 

226 

jiounds 

226 

226 

Skim milk. 

Total milk. 

360 

336 

336 

452 

452 

452 



At the beginning of the experiment and at the end of each 
thirty-day period the animals w'^ere weighed on each of three 
consecutive days. The average of the three consecutive weigh¬ 
ings was taken as the live weight of the animals. 

A daily record was kept of the amounts of milk, hay and water 
consumed and records of the other feeds used were obtained 
for each thirty-day period. Moisture determinations were made 
on all feeds to allow of the computation of the total water and 
dry matter consumption. 


DISCUSSION OF RESULTS 

Milk consumption records were obtained for each animal and 
in table 57 are given by thirty-day periods. In period I the bull 
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was given more milk than the heifers, but during period II each 
animal received 226 pounds of whole milk with an equal quantity 
of skim milk. 

The total consumption for the group, of whole and skim milk, 
the various concentrates, hay, salt, charcoal and water are 
collected in table 58. 


TABLE 58 

Total feed consumption 



PERIOD I 

PERIOD II 


pounds 

pounds 

Milk: 1 



Whole. 

864 0 

678 0 

Skim. 

168 0 

078 0 

Concentrates: 

Shelled corn. 

1 3 

108 0 

Cracked corn. 

0 0 

0 3 

Whole oats. 

58 7 

68.4 

Ground oats. 

0 4 

0 5 

Hominy feed. 

0 0 

0 3 

Gluten feed. 

15 3 

1 9 

Wheat bran. 

13 3 

17.3 

Oil meal (O.P.). 

62 7 

75 6 

Alfalfa hay. 

32.7 

91.9 

Salt. 

1.1 

0.3 

Charcoal. 

0.7 

1.3 

Water. 

384.0 

689.0^ 




The relative consumption of whole and ground grains can be 
more clearly appreciated when they are considered separately. 

From this evidence one fact is very apparent—the calves 
showed a decided preference for the whole rather than the ground 
grains. During period I practically no corn was consumed but 
in period II there were 108.6 pounds of whole corn and only 
0.3 of a pound of cracked corn taken. The whole oats was 
consumed to the extent of 58.7 pounds in the first period and 
68.4 pounds in the second period while never more than 0.5 of a 
pound of ground oats was consumed in thirty days. Hominy 
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feed was also neglected in favor of the whole corn and oats. 
The total consumption of whole grain was 237 pounds while that 
of ground grain was 1.5 pounds. 

Oil meal was the most favored of the nitrogenous concen¬ 
trates, and the consumption of it increased as the experiment 
progressed. Wheat bran was a poor second while gluten feed 
appeared to be the least desirable, as only 1.9 pounds of it were 
consumed during period II as compared with a consumption 
of 15.3 pounds in period I. This decided decrease in consumption 
of gluten feed may perhaps be linked up with the increase in 
consumption of shelled corn, which in turn was probably due 
to another factor, the skim milk increase in the ration. 

As the experiment progressed the daily allowance of skim milk 
was increased at the expense of the whole milk. This tended to 
narrow the nutritive ratio of the ration. The calves counteracted 
this, however, by increasing their consumption of low protein 
concentrates from 60.4 pounds in period I to 178.1 pounds in 
period II, or 195 per cent, while the increase in their consump¬ 
tion of high protein concentrates was relatively small, going 
from 91.3 pounds in period I to 94.8 pounds in period 11, or 
only 4 per cent. 

The consumption of alfalfa hay, water and charcoal increased 
as the experiment progressed, while that of salt decreased. 

From this it is apparent that the consumption of grain, hay 
and water increased very rapidly with the growth of the calves, 
the average daily requirements of water mounting from 4.27 
pounds in period I to 7.66 pomids in period II. 

This again demonstrates the rapid increase in dry matter 
consumption from 290.9 pounds in period I to 463.2 pounds in 
period II, while the total consumption of water, as drinking 
water and in the feed, increased from 1311.3 pounds to 1948.2 
pounds, or from 14.57 pounds per day in period I to 21.65 pounds 
per day in period II. 

The live weight gains were very “creditable, varying from 1.60 
pounds to 2.30 pounds and averaging 1.98 pounds per head per 
day. The calves did not become too fat but remained in good 
growthy condition—that most desirable for young dairy calves. 
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TABLE 59 


Consumption of whole and ground grains 



PERIOD 1 

PERIOD II 

TOTAL 


pounds 

pounds 

pounds 

Whole grain: 




Corn. 

1 3 

108 6 


Oats. 

58 7 

68 4 

237 0 

Ground grain: 




Com. 

0 0 

0 3 


Oats. 

0 4 

0 5 


Hominy. 

0.3 

0.0 

1.5 


TABLE 60 


Average daily feed per calf 



PERIOD 1 

PERIOD Tl 


pounds 

pounds 

Whole milk. 

0 60 

7 53 

Skim milk. 

1 87 

7 53 

Concentrates. 

1 69 

3.03 

Hay. 

0 36 

1 02 

Salt. 

0 012 

0 003 

Charcoal. 

0 008 

0 013 

Water. 

4 27 

7.66 





TABLE 61 

Consumption of dry matter and water 


CONSTITUENT 



Dry matter 

Water 


Period I 

Period II 

Period I 

Period II 



pounds 

pounds 

pounds 

Milk. 


153 3 

904.2 

1,202 7 

Concentrates. 


230 4 

18.1 

42.5 

Hay. 


77.9 

5.0 

14.0 

Condiments. 

Water. 

1.8 

1.6 

384 0 

689.0 

Total. 

290.9 

463.2 

1,311.3 
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TABLE 63 


Live weight gains 



CALF 411 

CALF 413 

CALF 414 

TOTAL 

AVFBAOB 


pounds 

pounds 

pounds 

pounds 

pounds 

Live weights: 






Initial.1 

146 

110 , 

no 

366 

122 

Middle. 

209 

158 

164 

530 

177 

Final. 

278 

219 

226 

723 

241 

Live weight gains: 






Period 1. 

63 

48 

54 

165 

55 

Period II. 

69 

61 

62 

192 

64 

Total. 

132 

109 

116 

357 

119 

Average daily gains: 






Period I. 

2.10 

1.60 

1 80 

5.50 

1.83 

Period II. 

2.30 

2 03 

2.07 

6.40 

2.13 

Average. 

2 20 

1 82 

1.93 

5.95 

1.98 


TABLE 63 

Feed required for 100 pounds live weight gain 


{ 

PSBIOD X 

PEBIOD ir 

, 1 

Whole milk. 

pounds 

524 

jjounds 

353 

Skim milk... 

102 

353 

Grain. 

92 

142 

Hay... 

20 

48 

Water, drinking. 

233 

359 


Total dry matter. 

176 

241 

Total water. 

795 

‘ 1,015 


TABLE 64 

Actual and expected consumption of nutrients by calves 



PERIOD 1 

PERIOD II 

Actual 

nutrients 

Expected 

nutrients 

Actual 
nutrients j 

Expected 

nutrients 

Totally matter, pounds. 

209.9 

267.9 

463.2 

412.8 

Digesuole crude protein, pounds. 

66.4 

43.8 

, 94.1 

60.9 

Total digestible nutrients, pounds. 

292.8 

230;i 

425.1 

327.9 

Nutritive ratio. 

1:3.4 

1:4.3 

1:3.6 

1:4.4 
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The feed requirements per 100 pounds of live weight gain are 
relatively low. 

The calves showed distinct preferences for some of the grain 
preparation, but there is the question, how near did they come 
to balancing their rations in accordance with the concepts of 
modern feeding standards? 

The consumption of dry matter and digestible nutrients by the 
calves is seen to be well above expectations but it has already 
been shown that the heavy feed consumption led to large and 
economical gains. According to the Modified Wolff-Lehmann 
Feeding Standard the feed for the calves should on the average 
have had a nutritive ratio of 1:4.3 in the first period and 1:4.4 
in the second. However, the calves seemed to prefer a ration 
with a much narrower nutritive ratio. For the first and second 
periods the nutritive ratios of the rations were 1:3.4 and 1:3.5, 
respectively. In this choice of a narrower nutritive ratio the 
calves may have been correct. The calves grew rapidly and 
gained in weight but did not become too fat and this is the 
desirable method of growing out young dairy animals. 

SUMMARY 

This work is too limited in scope to allow of the making of 
definite recommendations but a few points of interest stand 
out clearly: 

1. Young calves prefer whole corn and oats to the ground 
grains. 

2. Hominy feed does not appear to be palatable to calves. 

3. Linseed oil meal (O.P.) appears to be more palatable than 
wheat bran, while corn gluten feed is not in favor with calves. 

4. Calves have the ability to vary their consumption of con¬ 
centrates to comply with their needs. For example, when whole 
milk is replaced by skim milk the calves increase their relative 
consumption of low protein concentrate feeds such as corn and 
oats. 

5. The calves used in this work consumed a ration of much 
narrower nutritive ratio than is generally recommended. 
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6. The calves maintained the nutritive ratio of their ration 
fairly constant though it became shghtly wider as the calves 
advanced in age. 

7. The consumption of hay increased materially as the calves 
became older. 

8. Salt and charcoal were evidently desired by the calves. 

9. Water is important, even for calves fed milk. 
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A TEST FOR DETERMINING THE CHARACTER OF THE 
CURD FROM COWS’ MILK AND ITS APPLICATION 
TO THE STUDY OF CURD VARIANCE AS AN INDEX 
TO THE FOOD VALUE OF MILK FOR INFANTS* 

REUBEN L. HILL 

Utah Agricultural Experiment Slationy Logan^ Utah 
Received for publication August 10, 1923 

INTRODUCTION 

Great difficulty has been experienced in adapting cows’ milk 
to the needs of very young infants and also in its use by older 
infants at weaning time. Usually the transition period from 
mothers’ to cows’ milk is accompanied by little or no gain in 
weight by the child and often results in a loss. 

Some of the more delicate infants die as a result of the lack 
of a food that they can properly digest and assimilate. Con¬ 
siderable difficulty is experienced by most infants in digesting 
the curd of cows’ milk which has a comparatively tough, hard 
texture differing from the tine feathery appeanmee of mothers’ 
milk. To so modify the milk as to render the curd more digest¬ 
ible by infants is one of the big problems of infant feeding. 
Most babies will make good gains on a milk that can be prop¬ 
erly digested irrespective of the animal from which it is obtained. 

Physicians often recommend mixed herd milk in preference 
to individual cows’ milk. This is usually a wise recommenda¬ 
tion, but if the milk from some of the cows is shown to be more 
digestible than that of the rest of the herd it would be desirable 
to use this milk in preference to mixed herd milk. 

Often various milks and milk substitutes are experimented 
with until finally a milk or other substitute is found upon which 

1 Studies on the curd test were begun by the author while at the Maryland Agri¬ 
cultural Experiment Station where considerable data were obtained by the use of 
the test in its original form. The test in its present form and all results used in 
this publication were developed at the Utah Agricultural Experiment Station. 
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the infant makes gain. One purpose of this test is to determine, 
if possible, in advance the adaptability of the milk for the in¬ 
fant as well as in aiding in the elimination from the special 
baby milks of the milk shown to be hard-curded. The results 
to date have been very encouraging. Infants have made con¬ 
stant and consistent gains on the milk shown to be soft-curded 
by the test even immediately after weaning. In some cases a 
change from the soft-curded to the mixed herd milk has com¬ 
pletely upset the infant which was soon restored to normal by a 
return to the soft-curded milk. The data collected to date are 
insufficient to warrant any positive statement as to the prac¬ 
tical value of the test. However, the feeding of the soft-curded 
milk has given very favorable results. 

DETAILS OF THE MANIPULATION OP THE TEST 

The curd knife. For determining the hardness of the curd a 
star-shaped, 10-pronged curd knife is used. This knife has a 
f-inch center which is tapered at GO® to fit over a |-inch stem. 
The stem is^used as the handle and is 6|-inches long before it is 
bent to form the i-inch loop in the end. Into the ten |- by 
inch slits in the center the ten blades are soldered. The blades 
are cut from V«‘inch sheet brass and are J-inch wide and all 
are sharpened to a knife edge. Each blade is cut twice the 
length needed for the knife blade. It is then placed in a bending 
jig and bent at an angle of 36°. Five blades thus bent are 
soldered into the center core to furnish the ten blades. The 
knives when completed weigh on the average 17.5 grams and 
should not vary in weight more than 0.5 gram (see fig. 1). 

The spring balance. For measuring the tension required to 
draw the curd knife through the curd a specially constructed 
spring balance with a capacity of 200 grams and a sensitivity 
of 0.5 gram is used. This balance was manufactured for the 
experiment by John Cataillon and Sons of New York. 

The coagulation cylinders. The 8-ounce screw-capped jars 
manufactured by the Whitall Tatum Company are used for 
containers for the milk to be tested. The jars should be 
amined for uniformity before use. 
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77/r coagulant. For ooaf 2 ;ulatiii^ (he milk a pej)sin-(*M‘il(aum- 
c'liloride mixture is used. Marked di(Teren(*es eaii be olrtained 
by the use of pepsin alone. The use of (*al(*ium chloride,however, 
increases the wariation and d(‘(*reases the coagulation time and 
gives a more uniform coagulation. 'Idie coagulant consists of a 
mixture of three parts of a O.ti per (‘cait solution of Kimer and 
Amend’s 1 to )1(K)() s(‘al(' pe])sin to 1 part of a saturatial solution 
of calcium chloridfa 


Q 



Fir; L Thl Curd Kxike 
xMETMOD OK VIKX^EDUUE 

The milk should be tested as soon as jiossible aftei* it is drawn 
from the c-ow', as a marked increase in acidity will alter the test. 
When comparative !*esults are to l)e obtained it should be held 
at a constant temperature and tested the same length of time 
aftei- milking. Duplicate 100 cc. samples of thoroughly mixed 
milk are placed in the glass jai’s previously described. The 
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'A 2 

jiU's are then iniinersed in a water liath and the temperature of 
the milk brought up to They should be maintained at 

this temjierature throughout the test. After placing the curd 
knives in the jars, 10 cc. of freshly mixed coagulant are added 


Q 



1 


/ 


Fi(j 2. The Spuijsh Balance 

by means of a very rapidly flowing pipette. It is sometimes 
necessary to enlaige the opening in the pipette to allow a more 
rapid flow. The jar should be; agitated to give the milk a cir¬ 
cular motion while the coagulant is being added, thus assuring 
a more even mixture of the coagulant. The amount and uni- 
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formity of the agitation given the jars during the addition of 
the coagulant is very important. Too rapid or prolonged agita¬ 
tion will agglutinate the curd, while little or no agitation will 
not adequately mix the coagulant with the milk resulting in 
an uneven coagulation. The author adds the coagulant with 
a pipette held in the left hand while the jar is agitated with 
the right. By a little practice a uniform and smooth motion 
can be obtained. 

After adding the coagulant the jar should be returned to the 
water-bath, care being taken not to agitate the same for a period 
of ten minutes when the spring balance is hooked through the 
loop in the curd knife and by a slow and even tension the knife 
is drawn through the curd. The amount of tension required 
can be read directly on the balance. Deducting the weight of 
the curd knife will give the net tension required. It is very 
essential that the spring balance be held directly above the 
curd knife with a perpendicular slope; otherwise, friction of the 
plunger on the sides or back of the scales will render the test 
inaccurate. 

By using a large number of knives one can run duplicate 
samples on from 15 to 20 cows at one time. If it is used im¬ 
mediately, coagulant for 40 or more samples can be mixed be¬ 
fore starting. The pepsin deteriorates, however, if violently 
agitated or if it is allowed to stand too long in the calcium- 
chloride solution. 

When one becomes experienced with the method dupUcate 
samples will check under his manipulation to within about 
5 grams. Some may vary as much as 10 grams, while most 
samples check almost exactly. The variation between the 
hard- and soft-curded milks is so great as to overcome slight 
variations in samples. 

NORMAL VARIATION IN THE CURD CHARACTER OP COWS’ 

MILE 

The normal variation in the curd character of the milk from 
the cows of the Utah Agricultural College dairy herd is shown 
for a period of six months by curves in figures 3 and 4. Figure 
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Fw. 3. CuBYB Showing Grams of Milk Cxthd Tension of Jersey ano Holstein Averages for the Entire Hbri 
OF 25 Cows of the Utah AGRictrLTORAL College Dairy Herd for a Six-Month Period 

Perpendicular figures indicate grains of milk curd tension. Horizontal figures indicate date on which test was made. 
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3 shows the average test of all the Jerseys and all the Hol- 
steins for a six-month period, while figure 4 gives the curd 
test on 6 typical cows for the entire period. To obtain these 
curves the samples of the entire herd were run at one time under 
as nearly identical conditions as could be obtained. The sam¬ 
ples were taken personally by the laboratory assistant who 
placed them in cold water as soon as taken. They were held 
at about 15°C. until they were warmed for coagulation. In 
^ite of these precautions there appears considerable variation 
in the curd character from day to day, as can be seen from the 
curve shown in figure 4. 

It was observed that the first milk received from the cow 
after the colostrum period is over was almost invariably harder 
than the milk obtained a few weeks later. Taking the entire 
lactation period there was a marked uniformity in the curd 
character. This is well shown by the curve in figure 3. 

EFFECT OF BREED ON THE CURD CHARACTER OP THE MILK 

The only two breeds of dairy cows considered in this paper 
are the Jersey and Holstein. Work was done while the author 
was at the Maryland Agricultural .Experiment Station on the 
Guernsey and Ayrshire breeds, but these results were before the 
test was in its present form and therefore not included in this 
report. 

As a general rule the Jersey breed appears to have a much 
harder curd than the Holstein. The amount of tension required 
to cut the curd in some instances is 10 times as great in the 
Jersey as with the Holstein milk. 

There is, however, a considerable individual variance within 
the breed and the milk of some Holsteins is invariably harder 
than the milk obtained from some of softer Jerseys. The average 
for the Holstein cows, however, was considerably lower than 
the average for the Jerseys. 

The curve in figure 3, showing the average hardness of the 
Jersey and Holstein milk, is for a period of six months and in¬ 
dicates the almost uniform difference between iJie curd character 
of the two milks. The curve in figure 4 shows the curd variance 
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of some selected cows from the Holsteins and Jerse 3 rs. From 
this curve it can be seen that the milk of Mechtilda, a Holstein, 
was invariably harder for the entire six-month period than that 
of Oxford, a Jersey. By referring to the graphs shown in figures 



Prim Pcxvhne L(\r < 

Fia. 6. Graph op the Milk Curd Tension op Cows in the Second Six-Month 

Period op Lactation 



Pet Wando 

Fia. 7 Fio. 8 


Fig. 7. Graph op Milk Curd Tension op Cow in the Third Six-Month Period 

OF Lactation 

Note the gradual decrease in tension. 

Fig. 8. Graph op tbs Milk Curd Tension op a Holstein Cow in the Fourth 
Six-Month Period op Lactation 
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6, 6, 7, and 8 the curd variance for this six-month period is 
graphically indicated. From these, the extreme variance in 
curd texture between Lark, the softest Holstein, and Prim, the 
hardest Jersey, can be seen as well as the greater variability in 
milks of the harder curded cows. 

THE PERIOD OF LACTATION AS AFFECTING THE CURD 
CHARACTER OP THE MILK 

At the present writing the author is unable to supply results 
of the curd character for an entire Lactation period on the 
same cow. Beginning with October 1922 the Utah Agricultural 
College dairy herd was classified according to the lactation 
period of the cow. Some cows had just freshened, while others 
had been lactating six, twelve, and eighteen months. The curd 
variance of the milk of cows in the first, second, third, and 
fourth six-month period of lactation all taken during the same 
period is shown by these graphs in which a slight increase in 
hardness of the curd is apparent. This increase was neither 
uniform nor imiversal. The milk of Hartog, one of the softest 
curded Holsteins, decreased in hardness for this period, while 
that of Foxy, a Jersey, showed a large but uneven increase. 

For the second six-month period graphs of but 3 cow’s are 
shown. Of these. Prim, the hardest curded Jersey, decreased 
in milk curd tension about 27 per cent. This decrease was not 
uniform, yet it exhibits a greater degree of uniformity than most 
of the graphs. Pauline and Lark, the other 2 cows in this 
period, are two of the softest curded Holsteins and their milk 
is used as special baby milk. During the six-month period 
Pauline showed slight decreases and increases in the curd tension 
of her milk, while the milk of Lark remained remarkably con¬ 
stant and uniformly soft for the entire period. 

Only 1 Jersey was in her third six-month period of lactation, 
having calved a year prior to the commencing of the experiment. 
This cow. Pet, shows an irregular but decided decrease in milk 
curd tension for the period. At the beginning of the experi¬ 
ment 1 cow, Wanda, a Holstein, had been milked eighteen 
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months. Her remarkably uniform record is shown in the graph 
of figure 8. 

Summarizing these results, there seems to be a tendency for 
a cow to increase in curd tension of her milk for the first half 
of a normal lactation period and then gradually decrease for 
the remainder of the period. This is pot a uniform rule. Any 
udder inflammation or infection has a tendency to harden the 
curd of the milk. A decided change in curd tension was also 
observed when the cows were “in heat”, which in part explains 
some of the irregularities in the curve of their milk tension. 

INFLUENCE OP THE PAT CONTENT UPON THE CURD 
CHARACTER OP THE MILK 

The fact that the average curd tension of the Jerseys was 
higher than that of the Holsteins may lead some to conclude that 
the fat content was a limiting factor in curd tension. Our 
results, however, show that the curd tension is independent 
and apparently in no way related to the fat content of the milk. 
To test this still further large samples of the milk from 12 cows 
—6 Jerseys and 6 Holsteins—were taken. A small sample was 
set aside and run for curd tension apcording to the usual method. 
The rest of the milk from each cow was separated separately 
in a very small Viking separator. The separator was washed 
between each sample and the first milk separated from each 
sample discarded. The curd test was then made on the skim¬ 
med milk of each cow. The results of these tests are shown in 
table 1 and the graphs of figures 9, 10, and 11. 

From the table and graphs it is evident that the curd tension 
was increased by the removal of the fat from the milk and also 
that there was no direct correlation between the fat content of 
the milk and the curd tension. By comparing figures 10 and 
11 the remarkable uniformity in the results of April 10 and 21 
can be seen. In general, the larger the fat content the greater 
the increase in the curd tension as a result of its removal, its 
presence serving to soften the curd of the milk. This may ac¬ 
count for the fact that sometimes infants that cannot di^t the 
mixed milk do well on “top milk”. 
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FROM THE Utah Aorichltural College Dairy Herd on April 21,1923 
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Fio. 11. Graph op thb Mii*k Cttro Tension of Jersey and Holstein Cows Before and After Removal of Fat 

ON April 10, 1923 
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Since the objection might be raised that the removal of the 
“slime” from the milk in separation might remove constituents 
other than fat which would effect curd tension a later experi¬ 
ment was outlined to further test this point. 

TABLE 1 


Curd tension of milk before and after removal of the fat content of the same 


N\ME or cow 

1 AVERAOB 
i PERCENT 
< OF FAT 
j IN MILK 

1 

CTJllD TAN8TON 
ON APRIL 10 

CITRO TENRXOir 
ON APRIL 21 

Whole 

nnlk 

Skim 

milk 

Whole 

milk 

Skim 

milk 

Hartog. 

1 3 5 

22 i 

25 

30 

33 

Lark. 

j 2 7 

19 

23 

22 

22 

LiUy. 

! 6 1 

109 

132 i 

117 

131 

Mechthilda. 

* 3 8 

67 

98 

99 

104 

Nemo... 

i G 2 

87 

103 

86 

91 

Oxford. 

: 5 0 

05 

68 

63 

75 

Pauline. 

1 3 2 

17 

18 

33 

35 

Pet. 

! 5 9 

88 

111 

95 

113 

Pontiac. 

i 3.8 

54 

57 

52 

62 

Prim... 

i 5 3 

118 

i ,140 

127 

i 143 

Rachel. 

1 3 5 

51 

64 

4$ 

1 59 

Rill. 

i 4.5 

62 

67 

62 

73 


TABLE 2 


Curd tension of milk before and after removal of fat content as well as on re^mixed 

fat and milk 


NAME OF COW 

WHOLE MILK 

PREPARED 

MILK 

BKIM MILK 

Lark. 

24 

20 

24 

LiUy. 

118 

106 ' 

139 

Mechthilda. 

87 

87 

122 

Oxford. 

61 

66 

88 

Pauline. 

48 

50 

62 

RiU. 

62 

♦ 

56 

73 


The samples of milk were separated as before and the amount 
of cream required to bring up the fat content of the skim noilk 
to that of the original jilhole milk was added. The curd tests 
were then made on this prepared milk, on the whole milk, and 
on the skim milk. TaUe 2 shows the results obtained.'^ 
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From this table it is evident that the removal of fat content 
from the milk is responsible for hardening the curd since the 
remixed milk checked with the milk before separation. 

IS CURD CHARACTER OF THE MILK A TRANSMITTED 
CHARACTERISTIC? 

Whether or not the curd character of the milk is a trans¬ 
mitted characteristic can not at this writing be definitely shown. 
Our results with 3 cows, however, would indicate that it was 
transmissible. From the graphs one can see that the milk 
from Hartog and her 2 daughters, Pauline and Lark, was softer 
in curd than any of the other milks. About eight years ago 
Hartog’s mother’s milk was used to feed a delicate infant with 
splendid results. This would indicate that the curd characteris¬ 
tic had been transmitted for two generations. It may be possible 
to breed for softness of curd in milk with success. 

THE CAUSE OF CURD VARIANCE IN COWS’ MILK 

Work is now being done on the reason for this wdde variance 
in cows’ milk. It may be due to a variation in the mineral 
content. That there is a wide variance in the mineral content 
of cows’ milk has been shown by recent investigators. An 
increa.se in the sodium or potassium salts of the milk would have 
a tendency to soften the curd, while conversely a decrease in 
the soluble calcium salts would produce a like result. Work 
is now in progress on the calcium content of the milk, but the 
results so far would not w'arrant a positive statement regarding 
the relation of calcium content of milk to curd texture. 

PRACTICAL APPUCATION OF CURD TEST 

The results thus far obtained would indicate that this test 
may find practical application in selecting those cows giving 
milk especially adapted to the needs of infants and invalids. It 
is planned to test several dairy herds in the state and collect 
data on the use of these special soft-curded baby milks on the 
nutrition of infants. It is also possible that the harder curded 
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milks will be superior for cheese-making. The extent to which 
the curd character of the milk can be influenced by a variation 
in the feed of the cows is also being checked by this test. 

SUMMARY 

A curd test has been developed whereby the degree of hardness 
of the curd of cows’ milk can be determined. By means of this 
test the dairy herd of the Utah Agricultural College has been 
classified on the basis of the curd character of the milk. This 
classification extends over a period of more than six months and 
includes cows in all stages of lactation. 

As a result of these studies it has been shown that each cow 
had an individual milk curd character that was fairly regular 
throughout her entire lactation period, but in general it hardened 
during the first part of the period to soften again toward the 
latter end of the normal lactation period. The curd tension of 
the harder curded milk was sometimes as much as 10 times as 
great as the curd tension of the softer curded milk. 

The individual difference in curd character was independent 
of breed and -fat content of the milk. The Jersey breed as an 
average, however, had a much harder curded milk than the 
Holstein breed, yet some of the Jerseys had a softer curded milk 
than the harder curded Holsteins. 
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HOW THE ADVANCE OF THE PERIOD OF LACTATION 
AFFECTS THE MILK FLOW 

CHARLES W. TURNER, ARTHUR C. RAGSDALE and SAMUEL BRODY 

Department of Dairy Husbandryy University of Missouri, Columbia, Missouri 

Received for publication May 22, 1923 

Upon calving, the rate of milk secretion of the dairy cow gradu¬ 
ally increases for a time and then gradually decreases until the 
animals become dry. The cause of the gradual increase in the 
flow of the milk after calving is undoubtedly due to the improving 
condition of the animal following parturition, increasing con¬ 
sumption of food, and to the gradual perfection of the mammary 
gland. 

The object of this paper is to present data on the time of maxi¬ 
mum production and to show that the percentage decline of milk 
secretion with the advance of the stage of lactation is constant. 

I. TIME OF MAXIMUM MILK PRODUCTION 

It is well known that maximum milk production is usually 
reached during the first or second month of lactation, but a search 
of the literature failed to show when the exact peak is reached. 
Haecker (1) of the Nebraska Station found that nine-tenths 
of the cows whose records were studied made their best records 
during the first ten weeks. 

In order to obtain further information on this problem 80 
Holstein-Friesian records from the dairy herd of the University 
of Missouri were selected and the average daily milk production 
for the first ninety days determined. As milk production is 
notably ^ected by pasture, heat, flies, etc., during the summer 
months, only those records were chosen which came entirely 
between September 1 and May 1. Neither the age of the animak 
nor their condition at calving time were considered. 

The records were divided as to the number of milkings per day. 
Of the 80 records studied 40 were those of cows milked twice 
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per day, 32 of cows milked three times per day, and 8 of cows 
milked four times per day. 

The results are presented in figure 1. It will be seen that the 
cows milked twice per day reach their peak of production on the 
fifteenth and sixteenth days after calving. The cows milked 



three times per day reach a peak on the eighteenth day while 
the cows milked four times per day did not reach their max¬ 
imum production until the twenty-eighth day after calving. 

It appears from this that the frequency of milking and the 
amoimt of milk produced are the most important factors in 
governing the time of maximum milk production. Tliis may be 
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explained as being due to the length of time necessary to get a 
high producing cow upon full feed. 

II. THE DECLINE OF MILK PRODUCTION 

The decline of milk secretion after reaching maximum pro¬ 
duction is well known to be fairly uniform. The length of lacta¬ 
tion period, however, varies with the individual animal, the 
feeding and management, the time of breeding, and certain 
hereditary qualities. Highly developed dairy cows if left farrow 
will often continue to produce milk for several years, while beef 
cows and animals of inferior dairy qualities will dry up within 
a few months even when furnished with an abundance of feed. 

In previous studies (2) (;i) on the effect of the stage of lactation 
on the milk yield, where the percentage was based on the pro- 
ductiem of the previous month, more or less irregular decreases 
have been found. It has never been shown, however, that there 
was any definite way in which milk protluction decreased from 
month to month tluring the lactation period irrespective of breed 
cir the amount of milk produced by the animal. 

From a physiological standpoint it seems reasonable that so 
important a function as milk secretion must be regulated in some 
definite way Avhen an abundant food supply is available. In 
connection with other studies being made, a large amount of data 
showing the monthly declines in milk production was .available. 
This data was studied to determine if there was any regularity 
in the way milk secret ion declined fi’om month to month during 
the hudation period. 

We have found that there is indeed such a regularity or law 
governing the decline of milk secretion with advance of the period 
of lactation. This law may be expressed by saying that each 
months production after the second mouth is a constant per¬ 
centage of the preceding inontlis production. In the case of far¬ 
row Guernsey cows, where the factor of pregnancy is eliminated, 
each months production is about 94 per cent of the preceding 
months production. This idea may be expressed mathematically 
by the equation 
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Mt = — kl 


where Mt is the milk produced during any month of the lactation 
period t. Af. is the initial theoretical production and k is the 
persistency constant while e is the base of natural logarithms.' 

TABLE 1 


Decline of milk secretion with the advance of the period of lactation 
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34.3 
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98.1 

29.4 

98.0 

40.3 

101.8 

19.0,93.1 

3 

32.3 

94.1 

33.3 

94.9 

32.8 

93.4 

41.9 

92.3 

27.9 

94.9 

38.9 

96.5 

16.0 84.2 

4 

29.9 

92,6 

31.3 

93.9 

30.4 

92.7 

38.9 

92.8 

25.9 

92.8 

36.5 

93.8 

14.0,87.5 
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94.0 

29.3 

93.0 
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93.1 
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27.8 

94.9 
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21.4 

94.3 

30.8 
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25.1 

95.1 

24.3 

93.8 
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9 

22.4 
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21.5 
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86.9 



17.3 
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91.8 

20.6 

95.8 

15.6 

87.2 



17.3 

100.020,1 

I 1 

86.6 




(1) The records were compiled from the Guernsey Advanced Registry without 
selection. 

(2) Only farrow cows were included. 

(3) Only cows bred the third and fourth months were included* 

(4) Compiled by Prof. F. W. Woll from the records of the Wisconsin and 
California Dairy Cow Competitions, Hoard’s Dairyman, February 9, 2923, p. 109. 

(5) The records were compiled from Jersey cows tested in Missouri. 

(6) The records were compiled from Holstein cows owned by the University of 
Missouri. 

(7) The data for the scrub cows was taken from chart 2, Iowa Agr. Exp. Sta. 
Bulletin 183. 

< A theoretical discussion is given in the Journal of General Physiology, v, no* 
4,441. 
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As will be seen from table 1, this constancy in the percentage 
decline of milk secretion of the date available holds true to a 
remarkable degree. The Guernsey cow produces about 94 per 
cent of the previous month’s production throughout the entire 
period of decline in milk secretion. I’liere is a slightly larger 
percentage decrease during the last two or three montlis which 
is undoubtedly due to advanced pregnancy as the group of 
farrow cows do not show this decline at all, while another group 
of COW'S bred the third and fourth months show a more rapid 
percentage decline during the last three months of lactation. 

The data compiled by Woll (4) consist of ten months records 
with definite calving requirement. The decline during the last 
several months is undoubtedly also due to pregnancy. The data 
for the Jerseys and Holsteiiis also show a very close agreement 
with the expected decline. Data on a limited number of scrub 
cows show a more rapid but fairly constant monthly percentage 
decline. This would naturally be expected of cows w’ith short 
lactations. 

SUMMAKY 

Data w^as presented showing the time of maximum milk pro¬ 
duction of Holstcin-Friesian cow's. It was suggested that the 
frequency of milking and the amount of milk produced are 
the most important factors governing the time of maximum pro¬ 
duction. 

The percentage decline of milk secretion with the advance of 
the period of lactation w'as showm to be fairly constant. A 
slightly greater percentage decrease during the last two or 
three months of lactation w'as shown to be due to advanced 
pregnancy. 
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SWEETENED CONDENSED MILK 

I. BACTERIAL THICKENING 

FRANK E. RICE and PAUL A. DOWNS 
Deparlmenls of Chemistry and Dairy Industry^ Cornell Universiiyj Ithaca^ N, Y, 

For some years there have come to the attention of the writers 
samples of sweetened condensed milk which had been refused 
by the trade on account of having become extremely thick. 
In many cases the product is solitl, in others it will barely flow 
when the cansare inverted, t hough sometimes it ismerety clotted. 
Generally, there is a characteristic odor, not entirely unpleasant 
but which might be described as fruity; the taste is disagreeable. 
The acidity of the product is considerably above normal. No 
alteration in the color can be noticed and there is no evolution 
of gas. If the thickened product be vigorously stirred it becomes 
somewhat thinner but almost immediately sets to a glue-like 
mass. 

When a portion of this milk is diluted with water and heated, 
a separation of curd takes place. By this test the kind of thick¬ 
ened milk which is here being described can be readily distin¬ 
guished from thickening in condensed milk which results from 
physical causes such as has been studied by Rogers, Deysher and 
Evans (1). Age, or storage at high temperature, or exposure 
to high heat cause thickening but aside from high %lscosity 
there is no other similarity between such a product and that 
which becomes thick due to bacterial action. There is no increase 
in acidity and no unusual odor connected with heat or age thick¬ 
ened milk. 

Bacterial counts on these thickened samples are very high, 
often more than a million per gram. The organisms are almost 
entirely of the cocci form. Inoculation of cultures of these into 
condensed milk with relatively low total solids content is found 
to produce in a week or two conditions similar to those found 
in the commercial samples. 
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Bacterial thickened milk has been found to occur most com¬ 
monly in late spring and summer and also in shipments to tropical 
climates. 


GENERAL BACTERIOLOGY OF CONDENSED MILK 

Perhaps the first to make a study of the deterioration of con- 
densetl milk from the point of view of the bacteriologist was 
Cassedebat (2). He concluded from his observations, that 
changes in the product were not. due to t)ac(.eria, since he 
failed to find any organisms either living or dead. Nothing but 
molds, ho believed, would grow in it. 

Beginning W'ith Hope (3), however, more careful studies have 
been made of the bacteriology of sweetened condensed milk, 
and all investigators have reported finding it non-sterile. fSee 
references 4 to 17.) Previous investigations ha\’e, in general 
established the following points: (a) In good condensed milk 
the total number of bacteria is relatively low, usualh' but a 
few hundred per gram, aiul (b) when such a product is inocu¬ 
lated with a culture of bacteria the organisms not onlj do not 
grow, but the count often becomes less with time, (c) In sam¬ 
ples of low grade condensed milk on the other hand, where some 
decomposition has taken place, the bacterial counts have beiin 
found to run into the millions (c/) the coccus forms predominating 
in most cases, (c) Pathogenic bacteria arc ne.arly always absent. 

Aside from the true bacteria there too have been found in 
condensed milk organisms of the torula class and molds. Petby- 
bridge (18), Hammer (19), Cassedebat (2), Rogers, Dahlberg and 
Evans (20) and others have described defects due to these 
organisms. 

Previous investigations on bacterial thickening in condensed milk 

Greig-Smith (21) reported finding commercial samples of con¬ 
densed milk which had become coagulated and in which cocci 
were growing in large numbers. There is little doubt but that 
the condition he observed is identical w'ith that which forms the 
subject of this w'ork. It is probable that Dugardin’s (22) experi¬ 
ence with condensed milk of high acidity is related to this defect. 
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Hunziker (23) discusses “thickened and cheesy condensed 
milk” also and points out that the condition can be prevented 
by the use of unusually large amounts of sugar in the manufacture. 

For the preservation of the sw'eetened condensed milk, there¬ 
fore, chief dependence is placed upon the high sucrose concen¬ 
tration, except that torulae and molds are apparently able to grow 
in concentrations of sugar even up to the saturation point, and 
defects caused by these organisms can be prevented only by 
guarding against their entrance into the product during manu¬ 
facture. But the true bacteria, at least those of common occur¬ 
rence, can probably be checked if the concentration of sugar is 
liigh enough. Almost any table of results of analyses of condensed 
milk show the wide variations in sugar content not only between 
different brands but between different samples of the same brand, 
and this is particularly shown by a recent report from the Con¬ 
necticut Agricultural Experiment Station (24). This may ex¬ 
plain, therefore, why the investigators have in some samples 
found bacteria growing luxuriantly while in others, organisms 
would not multiply even when the product was heavily inocu¬ 
lated with them. 

EXPEBIMtiNTAL 

It was the purpose in this work to look at the problem par¬ 
ticularly from the manufacturer’s point of view, to determine 
what standardization is necessary to prevent thickening, and 
to learn, if possible, why the defect occurs especially in con¬ 
densed milk manufactured and stored during the summer and in 
that marketed in the tropics. 

A study of the cultural charactOTistics, habitat and distribution 
of the organism causing thickening has not been completed 
and will be reserved for future report. However, sufficient has 
already been done along this line to show that it is, indeed, 
widely distributed. It has been isolated from practically all 
samples of sweetened condeiwed milk purchased on the market, 
fortunatdy being dormant in the majority of cases. 

It seemed certain that these cocci must come from the factory 
in which the product is being made, since the species is not 
sufficiently heat resistant to withstand the operation of proc- 
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essing and could not reach the finished product from the raw 
milk entering the factory. In order to obtain what might be 
present in a milk plant which would grow in sweetened con¬ 
densed milk an inoculum was obtained by mixing material taken 
from different places in a factory such as the packing of Jensen 
coolers, wall and floor scrapings, some slime from a cheese curing 
room and so on. A sample of normal condensed milk containing 
about 74 per cent total solids was reduced with water to 70, 05 
and 60 per cent total solids. Into these portions a mixture of the 
above material was inoculated and incubated for about two weeks. 

At the end of that time all samples were nearly solid and had 
the typical fruity odor w'hich had already been experienced 
in the commercial samples. Upon examination it was found that 
coccus forms were present almost exclusively which when reinoc¬ 
ulated into condensed milk a little low in total solids grew, 
accompanied by thickening of the product, development of the 
fruity odor and an increase in acidity. It would seem from this 
that condensed milk diluted down to 60 to 70 per cent total 
solids acts practically as a differential medimn for these organisms. 

Acidity produced in condensed milk by the organism 

In normal fresh conden.scd milk the acidity calculated as lactic 
acid usually runs between 0.23 and 0.33 per cent. Commercial 
samples which show evidences of growth of the thickening organ¬ 
isms have been found to run as high as 0.75 per cent. Laboratory 
samples of low solids content inoculated with the organisms often 
reach more than 1 per cent. These facts suggest acidity titration 
as a means of estimating the relative growth of the organisms in 
different samples, and such detemiinations were accordingly made 
in all tests. The acidity in all experiments is calculated in terms 
of the percentage of lactic acid. 

Growth of the thickening organism in condensed milk of different 

standarduations 

Experiment 1 . Three variables were taken into account in this 
experiment: percentagee of sucrose, milk solids and water. In 
order to prepare samples for inoculation the following procedure 
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was followed: (o) About 18 pounds of sucrose was added to 
100 pounds of w'hole milk; this was condensed down in a small 
vacuum pan to a high consistency. Upon analysis the batch 
w'as found to contain 43.0 per cent sucrose, 33.0 per cent milk 
solids and 24 per cent water, (b) Similarly a batch was pre¬ 
pared by adding sucrose at the rate of 2 pounds per 100 pounds of 
milk and condensing down. This was found to contain 10.0 per 
cent sucrose, 52.5 per cent milk solids and 37.5 per cent water, 
(c) A solution of sucrose in waiter was prepared conttiining 64 
per cent sucrose. ]ly mixing these three batches in l arious pro¬ 
portions a variety of standardizations could be obtained. 

"idle various mixt.ures were inoculated wdth a liberal amount 
of a bouillon culture of tlie organism and the samples incubateil 
at 30''('. for thirty-tive days. At the end of this period the 
samples w'crc inspected for consistency and odor and the acidity 
was determined, from which, conclusions were drawn concerning 
the growth of the organism. In table 1 are found the results. 
I n the last column no growth is indicated by 0, slight growdh, 
-|-, heavy growth ++. 

k'rom the percentages of sugar and of water in each sample 
there is calculated the percentage of sugar in solution in the water, 
disregarding for the moment other constituents, for instance, 
in sample 1, the percentage of sucrose is 46.6 which is 63.0 per 
cent of 74.0, the latter being the sum of the percentages of sucrose 
and w’ater. For sake of convenience this will be called the 
“sugar ratio.” In one column are found these ratios and the 
whole series is arranged in order of decreasing values. 

Inspection of the table shows that at a sugar ratio of about 
61.5 comes the dividing line, though it is not very sharp. At 
higher values growth seems not likely to take place while at all 
points below, grow'th is practically certain. At and near this line 
the milk solids is seen to vary considerably in the various samples, 
apparently without affecting the growdh of the organism. It 
would seem, therefore, that the amount of sucrose in proportion 
to the water is the important factor in affecting the growth of 
thickening organisms. 

No doubt this is correct generalization as far as practical 
application is concerned. However, from the milk solids a 
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considerable amount of lactose is in solution, and it is likely 
that the osmotic pressure due to the soluble lactose has an effect 
additive to that of the sucrose; both, then, would contribute 
toward inhibiting bacterial growth. But, in condensed milk 
the water is always saturated with respect to lactose, a large 
amount of insoluble phase being present, therefore, even though 
the milk solids varies in these experiments the percentage of 
lactose in solution in the water is always the same for a given 
temperature. As the other constituents of the milk cannot affect 
the osmotic pressure greatly, variation of milk solids in the 
standardization should not change the potency of the product 
to check bacterial growth. 

Experiment 2. Condensed milk samples of different standard¬ 
izations were prepared in this experiment in the same way that 
was described under experiment 1. The culture employed for 
inoculation was the same oi'ganism that was used in the previous 
experiment but it had been carried in the laboratory for about 
4 months and was used without any particular effort to get it 
into an invigorated condition. The same proportions of culture 
were added as in the former experiment. 

Results obtained here were of Somewhat different order from 
those in the previous experiment. Although the tune of incu¬ 
bation was three times that in experiment 1, much less activity 
was manifested by the organism, less acid was produced at all 
concentrations and very few of the samples had increased in 
viscosity more than a little. The line dividing the standard¬ 
izations with respect to growth or no growth was found to be 
between the sugar ratios 59 and 60. 

Again it was concluded that a variation in percentage of milk 
solids has no influence on the growth of the thickening organism. 
Consequently, in all later experiments only the relations of 
sucrose to water were taken into account, the irdlk solids being 
allowed to vary without control. 

Experiment 3. A quantity of condensed milk w'as divided and 
diluted with water to successive standardizations. Each portion 
was further divided into two parts one being inoculated with a 
culture of the thickening organism invigorated by frequent 
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transfers in bouillon and the other with an old culture which had 
been in the laboratory for some months without being trans¬ 
ferred. All samples were incubated at 30°C. and inspections 
made at the end of six, sixteen and thirty-one days. In table 2 
will be found the analysis of each sample together with the re¬ 
sults of inspection. 

The results obtained in this experiment as well as in experiments 
1 and 2 give evidence that an invigorated culture of the organism 
grows in sweetened condensed milk much more rapidly and at a 
much higher sugar concentration than the same organisms in 
a less invigorated form. At the end of the incubation period the 
invigorated organism had thickened samples up to the sugar 
ratio 62.25 while in samples inoculated from the old culture 
thickening did not take place above 61. 

These results also show that considerable bacterial activity 
had taken place in samples of sugar concentration above the point 
where thickening ceased. This ivas shown by the fact that con¬ 
siderable acid was produced (the acidity of the samples at the 
beginning was 0.42 per cent), and the fact that when quantities 
of these samples were heated with water a curd separated out. 

Judging from acidity determinations and the hot water test 
all growth was checked in the samples inoculated with noninvigor- 
ated cultures at sugar ratios betw’^een 62.5 and 63 w'hile the 
invigorated organism was active at all concentrations including 
the highest one in the experiment 63,25. It is evident, therefore, 
that the particular culture used here was more active than the one 
used in experiment 1 and in consequence the series of samples was 
not run to sufficiently high sugar ratios to find at w'hat point the 
growth was absolutely inhibited. Accordingly another experi¬ 
ment was carried out starting with a batch of unusually high 
condensation. 

Experiment 4- A special batch of sweetened milk was con¬ 
densed to a high consistency and found to contain 46.4 per cent 
sucrose and 24.7 per cent moisture. As in the preceding experi¬ 
ment this was brought down by adding increasing quantities 
of water to successive portions. At each standardization the 
samples were inoculated with an invigorated culture. Every 
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effort was made to get the organism in the highest possible state 
of invigoration using as a medium skim milk containing 2 per 
cent sucrose. All samples were incubated at 3()°C. for forty-three 
days, though by accident the temperature of the incubator was 
at about 20°C. for seven days of this time. In table 3 are given 
the chemical compositions of the batches together with the inspec¬ 
tions made at the end of the incubation period. The coagulation 
test was applied by adding to a small quantity of the sample 
about four times as much water and heating to boiling. 


TAKJ.E 3 



HUt'KOftB 

MOISTI'Ri: 

BHOAR 

RAT(0 

CONBIST- 

KNf Tt 

FRTTITT 

ODOR 

COAOTTLA- 
TION TKST 

ACIDITT 

Check 

tMT cent 

4G 40 

per cent 

24.70 

05 25 

Normal 

None 

None 

0.270 

1 

40.40 

24.70 

05 25 

Normal 

None 

None 

0.252 

2 

40 21 1 

25 00 

04.88 i 

Normal 

None 

None 

0.252 

3 

40 03 

25.30 

04 53 

Normal 

None 

None 

0.333 

4 

45.80 

25.00 

04.18 

Heavy 

Slight 

Slight 

0.333 

5 

45.06 

25.89 

03 81 

Heavy 

Slight 

Slight 

0.396 

0 

45 31 

20 47 

03,12 

Heavy 

Strong 

Slight 

0.513 

7 

45 13 

20.70 

02 77 

Solid 

Strong 

Strong 

0 612 

8 

44.90 

27.04 

02 44 

Solid 

Strong 

Strong 

0.513 

9 

44.78 

27 32 

()2 10 

Solid 

Strong 

Strong 

0.630 

10 

4^1.44 

27.85 

01 47 

Solid 

; Strong 

[ Strong 

0 693 

11 

' 44.27 

28 10 

01 12 

Solid 

Strong 

Strong 

0.621 

12 

43.77 

2S.90 

00.18 

1 Solid 

Strong 

Strong 

1 0.684 

13 

43.44 

29.50 

59.55 

Solid 

Strong 

Strong 

0.675 


It is concluded from these results that there is no sharp dividing 
line at which all growth of the organism ceases. The most ob¬ 
jectionable evidence of growth, the solidification of the product, 
was stopped between the sugar ratios 62.77 and 63.12. Some¬ 
what less thickening takes place from that point up to between 
64.18 to 64.53, though judging from the acidity determinations 
there had been some growth of the organism even at the latter 
point. Further proof of this will be given under a discussion 
of the inversion of sucrose in these samples. 

Bacterial counts were made on the samples from time to time 
throughout the experiment. The results were quite irregular. 
It was shown, however,, while the numbers at first increased. 
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that before the conclusion of the experiment the counts in all 
samples had been rapidly becoming lower. There is no possi¬ 
bility, therefore, that different conclusions would have been 
drawn had the incubation period been longer. 

Effect of temperature on the growth of the organisms 

Under many conditions it was observed that cultures of the 
thickening organisms grew more vigorously at 30°C. or above, 
than at normal room temperatures, though data from only one 
experiment are available for presentation. 

Experiment 5. Bouillon was prepared with quantities of su¬ 
crose varying from 5 per cent to 65 per cent. Inoculations were 
made with invigorated and noninvigorated cultures, and the 
samples were incubated at 20° and 30°. Observations were made 
as to acid production and bacterial growth at intervals from 
24 hours to 80 days. 

It was found that the noninvigorated bacteria would not grow 
and produce acid in sucrose above 40 per cent at 20° while at 30° 
they were active even in 55 per cent sucrose. Similarly, growth 
in the invigorated cultures was checked at 55 per cent sucrose 
at 20° while these organisms were active at 62 per cent sucrose 
at 30°. Observations showed also that the maximum activity 
was reached in all cases much sooner at 30° than at 20°. 

These results prove that the optimum temperature for the 
growth of the organism is relatively h^h, also that the organisms 
can withstand and multiply in higher concentrations of sugar at 
the higher tmperatures. 

Destruction of sucrose and apparent increase in lactose caused 
by the activity of the thickening organism 

On samples 1, 3 and 13 from experiment 3 (inoculations with 
invigorated cultures) sucrose and lactose determinations were 
made at the beginning and end of the incubation period. Sucrose 
was determined by applying the Clerget formula on polarizations 
obtained before and after inversion, and lactose by running the 
regular reduction procedure on the clear filtrates. The results 
were as follows: 
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SAMPLE 

BErOKE INCUBATION 

AFTER INt:tTBATrON 

Sucrose 

Lactose 

Sucrose 

Lactose 

1 

44.30 

12.35 

30.43 

10.80 

3 

43.95 1 

12 25 

38.81 

15.13 

13 

41 40 

11.03 

30.15 

19.05 


Also the first 3 samples in experiment 4 were run for sucrose 
before and after incubation with the following results: 


SAMPLE 

BUCBOHE BEFORE INCUBATION 

SUCROSE AFTER INCUBATION 


per cent 

per cent 

1 

40.40 

40.41 

2 

40 21 

40 20 

3 

40 03 

45.40 


From these results it is seen that the thickening organism 
attacks sucrose, part of it being inverted; since the formation of 
invert sugar, which is reflected in the apparent increase in lactose, 
is not sufficient to account for all the loss in sucrose (except in one 
case), no doubt some of the sucrose also is destroyed by the 
organisms. 

DISCUSSION OP RESULTS 

It has been found that in order to surely prevent growth of 
the organisms causing thickening in condensed milk under all 
conditions it is necessary that the sugar ratio be at least as high 
as 64.5. As the ratio falls below this figure the organism becomes 
more and more active until at about 63 a strong odor develops 
and actual solidification begins. 

The government standard holds that sweetened condensed milk 
shall contjiin not less than 28 per cent milk solids. If for the s.'ike 
of the safety the product is standardized at 28.5 per cent, tliis 
would leave 71.5 per cent for sucrose and water. In order to have 
a sugar ratio of 64.5 there should be, therefore, 64.5 per cent of 
71.5 or 46.1 per cent sucrose with 25.4 per cent moisture. The 
total solids of this product would be 74.6 per cent. In con¬ 
densed milk of this standardization no matter how highly invigor¬ 
ated the contaminating organism might be and no matter at what 
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temperature the product is held there should be no trace of growth 
of the thickening organism. 

Calculation on the basis of a sugar ratio of 63.5, at which point 
there should be a reasonable safety from the dangers of actual 
solidification and the development of disagreeable flavors, gives 
the following figures: sucrose 45.4 per cent, moisture 26.1 per 
cent, total solids 73.9 per cent. 

These standardizations are considered necessarj- when the 
contaminating organism is in its most active form and where the 
contaminated product is to be exposed to comparatively high 
temperatures. On the other hand the experiments recorded in 
this paper show that w^hen these two sets of conditions are less 
favorable, somewhat lower sugar ratios would equally well pre¬ 
vent the development of the defects which result from the ac¬ 
tivity of the thickening organisms. This will account for the 
fact that though much of the milk on the market is standardized 
lower than is here found to be safe yet it does not all become de¬ 
fective, even though in most cases it does contain the organism. 

One commercial sample of condensed milk was found which at 
ordinary room temperatures (in winter) did not undergo any 
change, but on being placed in the incubator it very soon devel¬ 
oped typical thickening. On analysis this sample was found to 
run 43.80 per cent sucrose and 25.80 per cent moisture. The 
sugar ratio was, therefore, 62.93. In this product the organism 
must have been present in fairly active fonn and though the 
sugar ratio was below the safety point it was still high enough 
to prevent thickening as long as the sample was at ordinary room 
temperature, while at higher temperatures luxuriant growth 
of the organism was permitted. 

Since these organisms could never withstand the heat to which 
the product is exposed in the operation of condensation, the con¬ 
tamination must take place in the factory after condensation is 
completed. The organisms growing thus in secluded points in 
the manufacturing equipment would be more likely to become 
invigorated in late spring and summer when the temperatures 
are higher; at the same time the finished product is exposed 
to higher temperatures at this time of the year which would be 
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particularly conducive to the activity of the organisms, though 
the latter condition would be equally fulfilled in shipments 
to torrid climates at any time of the year. Thesepoints are taken 
as explanations for the fact which the trade has observed that in 
the summer and in shipments to the tropics the phenomenon of 
thickening is most likely to take place. 

It was found that under some conditions the thickening 
organism grows in condensed milk inverting some of the sucrose 
without altering the general appear.ance of the sample. For 
such a condition as this the control chemist should be on his 
guard. If some of the sucro.se had been inverted then an analysis 
of the product <loes not show the quantity of sucrose originally 
added by the manufacturer. Unless special methods are followed 
the presence of invert sugar will throw the percentage of lactose 
too high. At the same time if the milk solids are determined 
either by subtracting percentage sucrose from total soUds or by 
adding together the percentages of the various milk constituents 
then that figure will also be too high. 

No doubt this will explain the abnormal results recorded by the 
(k)nnecticut Experiment Station (24) where in some samples 
lactose was found extremely high and the sucrose correspondingly 
low. 

Sweetened condensed skim milk 

Though most of the work on the project of thickening has 
been done on condensed whole milk, a number of observations 
on condensed skim milk have shown that this product forms no 
exception to the theory just worked out. 

With respect to milk solids the government standard for 
this product is the same as for whole milk—28 per cent. Assum¬ 
ing that sweetened condensed skim milk of this standardization is 
to be made there would remain 72 per cent for the sucrose and 
moisture. Taking a sugar ratio of 63.5, lower than which it is 
certainly not safe to go, there should be 45.72 per cent sucrose 
and 26.28 per cent moisture. Such a product would, therefore, 
contain 73.72 per cent total solids. It has been the experience 
of the writers and others, however, that such a product is ex- 
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tremely viscous when cold, so much so, in fact, that it could be 
handled only with great difficulty in the factory. 

Two alternatives seems to have been followed by manu¬ 
facturers; to make the product with 28 per cent milk solids 
and with sugar condense only to about 68 to 70 per cent total 
solids beyond which is not possible to- go without the product 
becoming too thick to handle, or without regard for standard¬ 
ization adding sugar to the extent of about 18 per cent of the 
weight of skim milk and condensing down to the desired con¬ 
sistency. 

Suppose in the first example there are 28 per cent milk solids, 
42 per cent sugar and 30 per cent water. The sugar ratio would 
be 58.3. This figure is so far below the ratio necessary for prevent¬ 
ing growth of the thickening organism that the product would be 
very likely to become decomposed through this agency. In fact, 
observation has shown that wherever such a product has been 
manufactured spoilage results in most cases. 

If the manufacturer follows the other procedure, his product 
will contain usually about 24 per cent milk solids, 48 per cent, 
sugar, and 28 per cent water. The sugar ratio would be, there¬ 
fore, 63.15, a figure though not absolutely safe, yet with care in 
manufacturing and handling no great amount of spoilage would 
take place. 

It is known that in many cases the manufacturer is following 
the latter method and thus ignoring the government standard. 
The results of the Connecticut Experiment Station show 3 out 
of 6 brands of skimmed condensed milk to be without doubt 
below the government standard; on account of the abnormal 
lactose values it is impossible to judge concerning the remainder. 

SUMMARY 

The organism causing thickening in condensed milk is a coccus, 
which is capable of inverting and destroying sucrose, and pro¬ 
ducing, considerable quantities of acid. 

It is able to grow in fairly high sucrose concentrations, though 
its growth is checked if the concentration is high enou^^. It 
is able to withstand a much higher concentration of sugar when 
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it is in an invigorated condition, also, at temperatures above 
normal room temperatures it is particularly active. 

^It has been isolated from factory equipment and probably 
it is at this point that the product is contaminated. 
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The Babcock test for butterfat in milk has been used with but 
few changes since its discovery in 1890. During the period of 
over thirty years, however, several investigators have made com¬ 
parisons as to its accuracy. 


TAm,E 1 (ID 

Comparisons bctirecn the Bahcock and gravimetric methods on whole milk 


AT’THOKirr 


NCMBEK 
on OM* 
rVKIHONS 


Rabcock (1). . .. 

Snyder (2). 

Farrington (3). 

Farrington (3). 

Farrington (3). 

Connecticut Experiment Sta- 
i ion (5). 


30 

43 

12§ 

12 § 

r2§ 

32 


Patterson (4) 
Schutt (0) .. 

Heinrich (7) , 
Zehenter (S). 


20 

32 

27 

34 


Sell rot t-Fiechtl (0) 
Shiver (10). 


100 

49 


A\ KRAOE OF ALL 
BAIROCK 
llEABINGP 
ABOVE AVERAGE 
OF ALL GHAVr- 
METKIC RESULT* * * § ? 

AVERAGE or 
DIFFERENrES 
BETWEEN 
BABUOt'K 
REAOINGS AN1> 
THE GRAVIMETRIC 
RESUITS* 

ABSORBENT 
USED IN 
ORAVl- 
MUTRIC 
METHOD 

0 oil 

±0 089 

Asbestos 

-0 02(i 

±0.002 

Asbestos 

0 050 

iO OSH 

Asbestos 

~0 075 

±0 093 

Sand 

~0 129 

±0.149 

Paper 

within 0.01 

0 differ over 
±0 10 


-0.132 

±0.153 

Paper 

-0.088t 
-0 031 

±0.103§ 


73.5 percent 

3 differ over 


within 0 05 

±0.10 


0 001 

±0.076 

Sand 

0 007 

±0 095 

Paper 


* Difference between comparisons on individual samples. This shows the 
average of the differences above or below the gravimetric method as contrasted 
with the previous column which shows the balance of these differences. The 
differences above and below the gravimetric method might be large and yet 
their balance be zero; thus showing too close an agreement between the two 
methods. 

t From 12 of the comparisons. 

t With 1500 revolutions, -0.22 with 800 revolutions. Diameter of wheel not 
given. 

§ Same Babcock tests used. 
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A very complete summary of the work from 1890 to 1916 was 
prepared by Bailey (11). 

A few other investigations had been made up to this time but 
the results were not altogether complete. 

Julius Hortvet (12) in 1917 reported that the average of the 
results of ten different men showed that the Babcock test gave 
a reading of 0.04 per cent lower than the Roese-Gottlieb method. 

Work carried out by Bailey (11) in 1916-1918 on 190 samples, 
showed fairly uniform results. 

TABLE 2 


Remits of recent comparisons of the Babcock and Roese-Gottlieb methods for 
determination of fat in milk 


AtTTROItlTT 

o 

H 

& 

O 

ii. 

» 

PS 

» 

< 

M 

S 

i 

i 

(0 

ft. 

O 

PS 

H 

» 

S 

a 

Q 

U 

OD 

a 

1 

as 

ii 

kj 

ft* OD 

0 S « 

« £ o 

lii 

M U § 

"gs 

=si 

H v £ 
o p g 

« M 0 

a. 

X 

ii 

n H 

m 

► 

Sii 

m 

Of 

H k 

lit 

J * « 

◄ 

Bailey (11). 

Mojonnier and 

1919 

190! 

Grav. 

0 oco 

« 

! 92.1 

i 

-0.09 to +0.16 


Troy (13). 

Mojonnier and 

1922! 

1 

14 

Mojon. 

0.022 

C4.3* 

-0.15 to+0.16 


Troy (13). 

1922 

14 

Adams 

0 055 

71.4 

-0.11 to+0.21 


Hoyt (14). 

1922 

28| 

Mojon. 

0.116 

100.0 

+0.025 to +0.210 

-0.025 

Ho3’'t (14). 

1922 

5 

Mojon. 

0.079 

100 0 

+0.025 to +0.115 

-0.058 

Hoyt (14). 

1922 

5 

Adams 

0 091 

80.0 

; -0.010 to +0.130 

-0.046 

Hoyt (14). 

1922 

5 

Asbestos 

0 173 

100 0 

+ 0 HO to +0.220 

+0.036 

Dahlberg (15)... 

1922 

32 

Mojon. 

0.100 

93.7* 

-0.01 to+0 20 

i-0.00 


* Heading on one sample same as Mojonnier. 


IMojonnier and Troy (13) in 1922 reported some comparative 
work in which there was a rather wide variation in the results 
between the Babcock and Roe.se-Gotllieb (Mojonnier) methods. 

Hoyt (14) and Dahlberg (15) presented reports to the Cali¬ 
fornia Creamery Operators Assn, at the Pacific Slope Dairy 
Products Show, Fresno, Calif., November 1922, showing that 
the average Babcock reading was considerably higher than the 
Roese-Gottlieb (Mojonnier) results. Since their results did not 
agree exactly, it was suggested that further work be undertaken. 
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OUTLINE OF WORK (BABCOCK METHOD) 

The Babcock testing equipment, approved by the American 
Dairy Science Association (16) was used. 

The 8 per cent milk test bottles were calibrated by the use 
of mercury, according to the standard of graduation which 
requires that 13.5471 grams of mercury shall fill the space equiva¬ 
lent to 5 per cent on the graduated column. Only bottles which 
were found to be completely accurate from the 0 to the 8 per cent 
mark and from the 2 to the 6 per cent mark were used. A small 
lens with a magnification of approximately X 3 was used to aid in 
obtaining the readings of the mercury. 

All samples were obtained from a mixture of night and morning 
milkings, taken from the weigh can in the milk-receiving room 
of the University Farm Creamery. The samples were in perfect 
condition and were tested the same day as taken. 

A one bottle torsion balance cream scale with a sensitivity of 
10 milligrams wbs used and exactly 18 grams of milk, thoroughly 
mixed at a temperature of fiO'’ to 70° F. w'as weighed into the test 
bottles. 

Chemically pure sulphuric acid with a specific gravity of 1.82 
to 1.83 was used at a temperature of 60° to 70°F. 

A tw'enty inch Babcock Facile Steam turbine tester was used 
and the speed was held as closely as possible to 759 r.p.m. The 
tests were centrifuged, five, tw'o, and one minutes, distilled water 
being added at a temperature of 190° to 200°F. They were then 
placed in a water bath for ten minutes at a temperature of 135° 
to 140°F. The readings were taken from the bottom of the lower 
meniscus to the extreme top of the upper meniscus by at least 
two members of the Dairy Industry Division. The readings w'ere 
taken a second time, after the addition of glymol (colored mineral 
oil) to the tops of the fat columns. Average readings are recorded 
in table 3. 

ROESE-GOTTLIEB (mOJONNIER) METOOD 

The ofiicial Roese-Gottlieb analysis was obtained by using a 
Model-A Mojonnier tester. Approximately ten grams of milk 
was weighed directly into the fat extraction flasks. Only one 
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TABLE 3 

Percentages of fat found in milk by the Babcock and the Mojonnier (Roese-Gottlieb) 

methods 


8AMr LB 

MOJONNtSK 

BABCOCK 

BABCOC^K (qLTMOL) 

Originul 

Dupli¬ 

cate 

Average 

Original 

Dupli¬ 

cate 

Average 

Original 

Dupli¬ 

cate 

Average 

1 

3.767 

3.786 

3.776 

3.85 

3.85 

3.850 

3.72 

3.72 

3.720 

2 

4.391 

4.387 

4,389 

4.42 

4.42 

4.420 

4.28 

4.28 

4.280 

3 

4.301 

4.302 

4.301 

4.40 

4 40 

4.400 

4.30 

4.27 

4.285 

4 

3.990 

3.987 

3.088 

4 00 

4 05 

4 025 

3.87 

3.90 

3.885 

5 

3.975 

3.972 

3.973 

4 00 

4 05 

4.025 

3.<)0 

3.90 

3.900 

6 

3.972 

3 973 

3.972 

4 00 

4.00 

4 000 

3.87 

3.86 

3.866 

7 

4.267 

4.272 

4.209 

4.35 

4.33 

4 340 

4 21 

4.21 

4.210 

8 

4.182 

4 183 

4.182 

4.22 

4.20 

4.210 

4.05 

4.08 

4.005 

9 

3.718 

3 715 

3,716 

3 72 

3 77 

3.745 

3.55 

3.65 

3.COO 

10 

3.715 

3 708 

3.711 

3.75 

3 SO 

3 775 

3.53 

3.65 

3.590 

11 

4.636 

4 625 

4.030 

4.67 

4.69 

4 080 

4.50 

4.55 

4.625 

12 

3 505 

3.500 

3.502 

3 00 

3 55 

3.575 

3.45 

3.41 

3.430 

13 

3 65G 

3 651 

3 053 

3 70 

3 70 : 

3.700 

3.5t> 

3.56 

3.560 

14 

3.875 

3.872 

3 873 

3 91 

3.<H) 

3.905 

3.79 

3 80 

3.795 

15 

4.281 

4.2()4 

4.272 

4.35 

4 32 

4.335 

4 20 

4.20 

4.200 

16 

3.701 

3.709 

3 705 

3.SO 

3 80 

3 800 

3 65 

3.07 

3.060 

17 

3.680 ; 

3.692 

3.086 

3 74 

3.73 

3.735 

3.60 

3 r4 

I 3.620 

18 

3 411 

3 394 

3.402 

3 51 

3.51 

3.510 

3.:i5 

3.39 

3.370 

19 

3.322 i 

3.337 

3.329 

3 35 

3 40 

3.375 

3 20 

3 25 

I 3.225 

20 

3.555 

3 553 

3.554 

3.05 

' 3.00 

3.025 

3 50 

3 50 

3.500 

21 

4.522 

4 535 

4,528 

4.00 

4.01 

4.005 

4.44 

4.48 

4.400 

22 

4.454 

4 455 

4.454 

4.51 

4 50 

4 .505 

4 40 

4.38 

4.390 

23 

3.499 

3 403 

3.490 

3 60 

3.,57 

3 585 

3.41 

3.41 

1 3.410 

24 

3.608 

3.610 

3.609 

3 72 

3.72 

3.720 

3.54 

3 58 

3.560 

25 

3.802 

3 805 

3.803 

3.78 

3 85 

3.815 

3 02 

3.71 

3.665 

20 

3.559 

3 509 

3.564 

3 60 

3 01 

3 005 

3 51 

3.49 

3 500 

27 

3.297 

3.292 

3.294 

3.40 

3 39 

3.395 

3.25 

3.24 

3.245 

28 

3.442 

3.439 

3.440 

3.51 

3 45 

3 480 

3.37 

i 3 32 

3.345 

29 

3.552 

3 548 

3.550 

3.64 

3.03 

3.035 

3.49 

3 46 

3.475 

30 

3.574 

3.576 

3.575 

3.63 

3.05 

3.640 

3.50 

3.50 

3.500 

31 

3.786 

3.781 

3.783 

3.81 

3.83 

3.820 

3.63 

3.65 

3.C40 

32 

3.623 

3.621 

3.622 

3.70 

3.70 

3.700 

3.55 

3.55 

3.550 

33 

3.404 

3.406 

3.405 

3,45 

3.45 

3.450 

3.30 

3.30 

3.300 

34 

4.218 

4.211 

4.214 

4.25 

4.22 

4.236 

4.05 

4.05 

4.060 

35 

3.515 

3.509 

3.512 

3.5? 

3.60 

3.595 

3.43 

3.42 

3.425 

36 

4.056 

4.053 

4,054 

4.12 

4.12 

4.120 

3.95 

3,95 

3.950 

37 

4.347 

4.340 

4.346 

4.35 

4.38 

4.365 

4.22 

4.24 

4.230 

38 

3.859 

3.868 

3.863 

3,90 

3.90 

3.900 

8.73 

3.73 

3.730 

39 

4.020 

4.021 

4.020 

4.05 

4.10 

4.075 

3.90 

1 3.96 

3.930 

40 

3.351 

3.341 

3.346 

3.40 

3.41 

3.405 

3.25 

3,27 

3.260 
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SAMPLE 

MOJOXNILR 

BABC’O' K 

H\BCOCK (oLYMOL) 

Origmal 

1 

Duplt- 
1 rate 

Average 

Original 

Dupli¬ 

cate 

Average 

Original 

Dupli¬ 

cate 

Average 

41 

4.230 

4.220 

4 225 

4 21 

4 25 

4.230 

4.05 

4 08 

4 066 

42 

1 3.864 

3.801 

3 862 

3 93 

3.94 

3.935 

3.78 

3.78 

3.780 

43 

1 4.215 

4.217 

4 216 

4 .30 

4.30 

4.300 

4 15 

4.i(; 

4,155 

44 

1 3 232 

3.228 

3 230 

3 25 

3 27 

3.260 

3 11 

3.11 

3.110 

45 

3 .308 

3 300 

3 364 

3 48 

3 50 

3.490 

3 32 

3.33 

3.325 

46 

3 (>02 

3.600 

3 601 

3.68 

3 64 

3.6(50 

3 51 

3 51 

3.510 

47 

4.059 

4 061 

4 060 

4.15 

4.13 

4.140 

4 00 

3 98 

3 990 

48 ! 

4 085 

4 078 

4 081 

4 15 

4 11 

4 130 

4 00 

4 00 

4 000 

49 

3.307 

3 279 

3.293 

3 35 

3 34 

3 345 

3 20 

3 19 

3 195 

50 

3 826 

3 813 

3 819 

3 80 

3 88 

3.885 

3 72 

3.74 

3.730 

Averages. 


3 8222 


1 

3 8811 

1 
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TAliLP: 4 

nn'afions of j^erci'ula<je>s o/ fai m roinparition of the Hahcock <mrl Roc.^c-Golilieb 

ofonni er) met hods 


i 

KEADIN’O TO ! 



RK\1>IN<5 TO j 



TOP , 

Rt AIMVr, WIT-1 


EXTREME TOP 1 

ni ADINO WITH 


OK 1 PPKR ' 

Ml 'i MO(> !' 


OK tJPPfcit 

gltmol 

I 

MENtatM 8 j 

!l 

! 

MKN ISC’1^8 


1 1 

+ 0 074 ! 

-0 0.'it) i 

i 27 1 

+ 0 101 

-0 049 

2 

+0 0.11 ! 

-0 J09 : 

! 28 I 

+0 040 

-0 095 

3 

-4-0 099 j 

-0 016 

1 29 i 

+0 0S5 

-0.075 

4 

+ 0 037 

-0 103 ; 

1 30 ' 

+ 0 OGo 

-0 075 

6 

•4 0 052 : 

-0 073 , 

1 31 1 

+0 037 

-0.143 

6 

+0 028 ! 

~0 107 ; 

12 i 

+0.07S 

-0.072 

7 

-HO.071 ! 

-0 0.59 1 

33 1 

+0.045 

-0.105 

8 

-f0.028 ! 

-0 U7 ■ 

34 1 

+0.021 


9 

-t 0 020 i 

-0 110 

35 

+0 083 

-0 087 

10 

-f0 004 1 

-0 121 

36 

+0.0G6 

-0.104 

11 i 

+0 050 

-0 105 

37 

1 +0 019 

-0 116 

12 

4-0 073 

-0 072 

3S 

+0 037 

-0.133 

13 

4-0.047 

: -0.093 

39 

+0 055 

-0.090 

14 

-4-0.032 

1 ~0 078 

40 

+0 059 

-0 086 

15 

40 063 

--0 072 

41 

+0 005 

-o.ico 

16 

40 095 

I -0 045 

42 

+0 073 

-0 082 

17 

4-0 049 

-0 01)6 

43 

+0 084 

-0 061 

18 

-f 0.108 

-0 032 

44 

+0 030 

-0 0120 

19 

4-0.046 

-0 104 

45 

+0.126 

-0 039 

20 

4-0.071 

-0 054 

46 

+0.059 

-0 001 

21 

4-0 077 

-0.068 

47 

+0 080 

-0.070 

22 

4*0.051 

-0.064 

48 

+0.049 

-0.081 

23 

+0.089 

-0.086 

49 

+0.052 

-0.098 

24 

40.111 

-0.049 

50 

+0.066 

-0.089 

25 

+0.012 

—0.138 




26 

+0.041 1 

-0 064 

Average.».. 

+0 0588 

-0.0870 


553 





554 


C. A. PHILLIPS 


sample was weighed at a time as it was thought that a slight error 
might be introduced if several pipettfuls were weighed at once. 
The reagents (distilled water, ammonia, alcohol, ethyl ether, 
petroleum ether) were of the best quality, as specified by Mojonnier 
and Troy (13). The Roese-Gottlieb process of fat extraction as 
described in the Mojonnier method (13) was used. 

During the preliminary work, a comparison of the results 
from two extractions and three extractions was made, the third 
extraction making a slight increase of the third decimal point 
in the per cent of fat. It was also found that the addition of two 
drops of phenolphthalein indicator gave a similar increase. Con¬ 
sequently, the third extraction was omitted and the indicator 
added, since our object was to have the results represent as near 
the correct amount of butterfat as it was possible to obtain. 

CONCLUSIONS 

1. The Babcock test when read from the bottom of the lower 
meniscus to the extreme top of the upper meniscus, gave results 
which were higher than those obtained by the Roese-Gottlieb 
(Mojonnier) method. The average of 50 comparisons was found 
to be 0.0588 per cent. 

2. The Babcock test gave readings which were higher in every 
case, the minimum variation from the Roese-Gottlieb (Mojonnier) 
being 0.005 per cent and the maximum 0.120 per cent. 

3. When glymol (colored mineral oil) was added to the tops of 
the fat columns, an average reading was obtained which was 
0.087 per cent lower than the average reading by the Mojonnier 
method. 


REFERENCES 

(1) Babcock, S. M. : A new method for the estimation of fat in milk, especially 

adapted to creameries and cheese factories. Bull. Wis. Agr. Exp. 
8ta. No. 24,15, July, 1890. 

(2) Sntdek, H.: Comparison of results by Dr. S. M. Babcock's centrifugal 

method for the determination of fat in milk and the gravimetric 
method. Bull. Cornell Agr. Exp. Sta. No. 25,145, December, 1890. 
Sntdeb, H. : Application of Dr. Babcock's centrifugal method to the analysis 
of milk, skim milk, buttermilk, and butter. Bull. Comeii Agr. l^p. 
Sta. No. 29,77, July, 189L 



METHODS FOR DETERMINATION OF BUTTERFAT IN MILK 555 


(3) Farbi’ngton, E. H.: Milk tests: Methods of testing milk. Bull. III. Agr. 

Exp. Sta. No. 14,405, February, 1801. 

(4) Patterson, L, G.: Comparative tests of machines and methods for the 

determination of fat in milk. Bull. Miss. Exp. Sta. No. 15, 15, July, 
1891. 

(5) Quick, W. J.: The Babcock method of determining fat in milk and cream 

for use of creameries. Bull. Conn, Agr. Exp. Sta. No. 106, 4, March, 
1891. 

Quick, W. J. : The best milk tester for the practical use of the farmer and 
dairyman. Bull. Col. Agr. Exp. Sta. No. 20, G, August, 1892. 

Hite, B. H.: The creamery industry. Third Ann. Rpt. West. Va. Exp. 
Sta. No. 29,1890. 

(G) ScHUTOi’, F. T.: On the Babcock method of milk analysis. The Analyst, xvii, 
227, December, 1802. 

(7) Heinrich, R, : Comparative trials of the Babcock milk test. Molk. Ztg., 

iv, 37, 1803 (E. S. R., iv, 775). 

(8) Zehenter, j.: The determination of fat in milk by centrifugal means and 

a comparison of the Babcock and Gerber methods. Programm 
Oberealschule in Innsbruck fur 1803-1804 (E.S.R. vi, 271). 

(9) Sckrott-Fibchtl, H.: Ueber den wahscheinlichen Fehler der Schnell- 

methoden nach Babcock, Gerber, und Thorner im Vergleich zur 
gcwichts-analytischen Milchfethbestimmung (Sandmethode) Bei- 
lage zur Milch-Zeitung No. 13, March, 1806. 

(10) SniVEii, F. S.: Comparative tests of butler fat. Bull. S. C. Agr. Exp. Sta. 

No, 33, 13, March, 1898. 

(11) Bailey, D. E.: Study of Babcock test for butterfat in milk. Jour. Dairy 

Sci., ii, no. 5, 331-373. 

(12) Hortvet, Julius,; Report on dairy products (adulteration). Jour, of 

Assoc, Official Agricultural Chemists, xi, no. 4. 

(13) Mojonnieu and Troy; The Technical Control of Dairy Products. First 

edition, 1922. 

(14) Hoyt, C. F. : Reading the fat column in the Babcock-test for milk. Jour. 

Assoc. Official Agricultural Chemists, vi, no. 3. 

(16) Dahlberg, A. O.: California Central Creameries, San Francisco, Calif. 
(16) Hunziker, O. F. : Specifications and directions for testing milk and cream 
for butterfat. Jour, Dairy Sci., v, no. 2, p. 178. 



THE RELATIONSHIPS OF CONCENTRATION AND TIME 
TO THE TEMPERATURE OF COAGULATION OF 
EVAPORATED SKIM AND WHOLE MILK 

GEORGE E. HOLM, E. F. DEYSHER, and F. R. EVANS 

Research Lohoratories of the Dairy Division^ United States Department of 
Agriculture^ Washingtoiiy D, C. 

Received for publication January 28, 1923 

It is a well-recognized fact that the temperature of coagulation 
of an evaporated milk is dependent upon many factors. Among 
the factors that have been considered as influencing the tem¬ 
perature of coagulation are time of heating, acidity, H-ion con¬ 
centration, homogenization, concentration of solids, time and 
temperature of forewarming, and shaking. Other factors some¬ 
times mentioned are composition of the milk, stability of the 
proteins, and extraneous water present. These two latter are 
but secondary terms dependent upon other factors already 
mentioned. Some of these factors have been subjected to 
intensive study. 

Sommers and Hart (1919) concluded that there is no con¬ 
sistent relation between the heat-coagulation temperature of 
milk and the titrable acidity, or between the heat coagulation 
and the H-ion concentration. 

Rogers, Deysher and Evans (1921) found that the variation 
in the coagulation temperature of fresh mixed-herd milk is 
comparatively small and has little relation to the coagulation 
temperature of the same milk after evaporation. They also 
found that there is no definite relation between the coagulation 
temperature of evaporated milk and the H-ion concentration 
of the milk before sterilization. A very small increase in the 
acidity above the normal for a particular milk, however, will 
cause a distinct lowering of the coagulating temperature. 

The latter found that forewarming temperatures much below 
95°C. had little effect in raising the coagulating temperature; 
they also noted that forewarming for more than ten minutes 

m 
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(within certain limits) at 95°C. changed the stability of the 
milk but slightly. 

Work by Sommers and Hart (1919) and also by Milroy (1915) 
upon the mineral constituents of milk seems to show that heat 
treatment results in the precipitation of calcium, the presence 
of which renders the milk unstable toward heat. 

Many of the other factors mentioned have not been studied 
systematically. In order to determine to what extent reliance 
can be placed on results obtained upon herd milk handled in 
various ways, and held for varying lengths of time, we have 
undertaken a study of some of the factors already mentioned. 

EXPEHIMENTAL 

The milk used in all cases was a composite sample of herd 
milk received daily from the Government Dairy Faiin 1, Belts- 
ville, Md. Previous to evaporation each sample was forewanned 
by bringing it to 95°C. upon a steam bath and maintaining it 
there with constant stirring for ten minutes. The samples 
were then transferred into large balloon flasks and the evapora¬ 
tion was carried out under a vacuum of approximately 28 inches. 
The temperature at which concentration took place w^as prob¬ 
ably never more than 45° or 50°C. 

After evaporation the resulting product was standardized to 
the concentration desired, sealed in baby size cans, and sterilized 
in a pilot sterilizer at various temperatures and for various 
lengths of time, according to the plans of the experiment. In 
order to make the results as nearly comparable as possible it 
was necessary to choose an arbitrary rate of time in which to 
raise the temperature of the sterilizer to the temperature at which 
the sterilization was to be made. All sterilizations were there¬ 
fore brought to 100°C. in ten minutes and the additional tem¬ 
perature was added wdthin a period of five minutes. This pro¬ 
cedure is not wholly accurate, since in some cases where high 
temperature were used the milks were subjected to a greater 
total heat treatment before the sterilization was actually begun 
than in those case where lower temperatures were used. It 
approximate factory conditions, however, and brings the 
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product up to sterilization temperatures even when higher 
temperatures are used, thereby insuring greater accuracy in 
the time factor. 

In several experiments upon an evaporated milk in the case 
of which the lengths of time chosen to bring the milk from 100°C. 
to the sterilization temperature were varied, it was found that 
the results were’not markedly different. This would tend to 
show that the method is accurate unless the tonperature of 
sterilization is exceedingly high. 

SKIM VERSUS WHOLE MILK 

It has been observed in the early part of our work that it was 
difficult to obtain checks upon various samples of milk received 
from day to day. The variations in coagulation temperature 
were too great to be accounted for by variations in the grade 
of milk. It was soon discovered that the different samples of 
milk did not contain exactly the same fat content, and inasmuch 
as the percentage of solids was calculated upon the total weight, 
any variation in the fat content would mean a variation in the 
percentage of water present after evaporation and consequently, 
perhaps, a great variation in the- temperature of coagulation. 

Although such an experiment would have no great bearing 
upon the commercial processes, it was decided to ascertain to 
what extent the presence of fats influences the coagulating tem¬ 
perature of an evaporated mUk. 

Three samples of whole evaporated milk were prepared from 
a composite sample of herd milk with a fat content of 3.8 per 
cent. Another portion of this milk was partially skimmed (flnal 
fat content 1.2 per cent), and three samples of whole mUk par¬ 
tially skimmed were evaporated to concentrations of 16.5, 18 
and 19.5 per cent solids not fat. In each case the fat and total- 
solid contents were determined, and the percentage of solids 
not fat was calculated upon Ihe, total weight of the whole milk 
minus the total weight of the fat. 

Figure 1 shows the results obtained on these two samples ai 
milk. 
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This experiment tends to show that a slight variation in the 
percentage of fat present has little effect upon the coagulation 
temperature of milk. 

It seemed, however, throughout our work that there was a 
slight difference between the temperature of coagulation of the 
evaporated whole milk and that of the evaporated skim millfj 
the former always ranging a trifle higher. This could be de¬ 
termined only by a series of tests at various concentrations. 
Such a series of determinations was made with milk received 
upon three consecutive days. 



Fia. 1. Effect OF Pabtiai, Removal OF THE Fat IN Milk BEFORE Evaporation 
ON THE Coagulation Temperature of Evaporated Milk 

For the results of this experiment, the reader is referred to 
figure 2, which also embodies the results for whole milk received 
on five consecutive days. These results seem to show clearly 
that the coagulation temperature of evaporated whole milk is 
a trifle higher than the coagulation temperature for evaporated 
skim milk, within the range of concentrations tried. Between 
the ranges of 16 and 20 per cent solids not fat, however, these 
differences are not great, the variations ranging from 1“ to 1.5°C. 
for each percentage variation in concentration of solids not fat. 

This difference in coagulating temperatures of whole and 
skim milks from the same sample is due, perhaps, to the absorp¬ 
tion of heat by the fat present in whole milk. It has been found 
by Mr, Leighton, working in these laboratories, that with milks 
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of high fat content there is considerably more heat absorption 
than with skim milks when both are subjected to the same 
temperatures in an oil bath. 

In all cases, however, where the percentage of fat in two 
milks did not vary too greatly, the r^ults were approximately 
the same for the evaporated milks containing the same percen¬ 
tage of solids not fat, within the concentrations recorded. 

'Die percentage of fat is deducted in all cases and all calcula- 
lations are made upon the total vmght minus the weight of the 
fat. 

CONCENTRATION VERSUS TEMPERATURE OP COAGULATION— 
UNIFOKMITT OP GRADE OP MILK 

It has been known for a long time that the temperature of 
coagulation of a protein is dependent to some extent upon the 
concentration. In a heterogeneous system such as is found in 
milk, however, the relation of the concentration to the tempera¬ 
ture of coagulation will obviously not be the same as in the case 
of a pure protein. 

Samples of whole milk were received upon 5 consecutive days, 
evaporated, and standardized to '6 different concentrations, not 
more than one sample of any one concentration being prepared 
on the same day. 

This not only gives the relation between concentration and 
coagulation t^perature, but gives also an indication of the 
reliability of our method of sterilization and an indication of 
the uniformity of the samples of herd milk from day to day. 

Hgure 2 shows the terapwature of coagulation, for thirty 
minutes sterilization, of the various concentrations used. 

This figure seems to indicate that the relationship of the change 
of coagulation temperature to concentration is not a constant, 
within the limits of concentration used. At higher concen¬ 
trations there is a greater variation in the temperature of coagu¬ 
lation for every change of concentration than there is at the 
lower concentrations. The difference in temperature of coagula¬ 
tion for every 1 per cent difference in concentration when the 
percentage of solids not fat is between 16 and 26 per cent, in 
our method, seems to be about 1.26° to 1.50°C. 
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The variation in the temperature of coagulation of a certain 
concentration from day to day is not great in the milk received 
at this laboratory, as shown by points in the figure. At the 
higher concentrations the concordance of results is very good. 
At the lower concentrations results do not check so well. This 
can be accounted for when we consider that at higher tempera- 
tines (lower concentrations), in the method of sterilization used, 
there is a greater chance for error in bringing the product up to 
the temperature at which sterilization is to take place. 



Pio. 2. Rblationbrip op Txmpbratuiis op Coagtoation to Various CSoscRir- 
TRATIONS op BvaPORATBD SkIM MiLK AND EVAPORATBD WhOL* MIDK 


Figure 2 indicates that the change of coagulation temperature 
for changes of concentration of evaporated skim and whole 
milks is somewhat greater for evaporated sMm milk than for 
evaporated whole milk. 

The variation in the quality of the herd milk used from day 
to day as regards coagulation temperature is ranall. Any change 
in the p<ff0^tage of solids not fat, not exceeding 0.3 per cent, 
causes a diange in the coagulating temperature whidi is entirdy 
within the range of mor in sterilization. 
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Whether or not milk of inferior grade will have the same 
relationship of concentration and temperature of coagulation as 
fresh millf of good quality was ascertained by determination of 
the relation of the time to the coagulation temperatures of a 
milk that had been held at about 18°C. for twenty-four hours. 
This milk diowed a decided drop in' the temperature of coag¬ 
ulation. 



Fig. 3. Rbi^ationshif of Time and Tbmpbraturb of Coaotieation in Milk of 
Infbbiob Gbadb and a Milk of Good Quality 

Figure 3 shows the relationship of time and temperature of 
coagulation of such a milk. 

In the case of milk of inferior quality there is a decidedly lower 
coagulating temperature, but the relationship of concwtration 
and tfflnperature seems to be*the same as for the milk of good 
quality. 

The diange in the infmor milk was undoubtedly caused largely 
by acid-forming bacteria. 'Wheth^ or not this r^tionship will 
hold for any other type oi flora is an open question. Some of 
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the results obtained at this laboratory seem to show that there 
may be variations in the type of change caused by various flora. 

TIME-TEMPERATURE RELATIONS IN STERILIZATIONS 

No definite time and temperature of sterilization can be speci¬ 
fied as giving the best results. These two factors must be 
adjusted to the quality of the milk on hand. 

While it was the purpose of this experiment to find the rela¬ 
tionship that exists between the time of sterilization and the 
temperature of coagulation, the authors have realized that the 
milk under examination is superior in quality to the milks re¬ 
ceived at most factories, and therefore have tried to ascertain 
whether the relations that hold for good milk will also hold for 
milk of inferior grade. 

TABLE 1 


Temperatures of coagulation of evaporated milk {18 per cent aolida-not-fat) for 


TIMK 

various time periods 

1 T£MP»nATU2tS OF COAO CLATION 

minutes 

X\ 


10 

131 

2G7.8 

12 

128 

202 4 

20 

123 

253.4 

30 

119 

246.2 

45 

116 

240.8 

CO 

114.5 

238.0 


A sample of milk containing 18 per cent solids not fat was 
prepared and the temperatures of coagulation were determined 
for the various time periods. 

Table 1 gives the results obtained with a fresh sample of 
evaporated milk. 

Inasmuch as the temperatures usually employed for steriliza¬ 
tion in factories are considerably lower than those used in tliis 
experiment, it might be possible that the relationships shown in 
the table above will not hold for milks of poorer grade. In 
order to determine this a fresh sample was kept at a low tem¬ 
perature until it showed a decided drop in its coagulation 
temperature. 
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A sample of evaporated milk was prepared containiiLg 18 per 
oeDt solids not fat, and the temperatures of coagulation for the 
various periods of time were determined as in the former experi¬ 
ment. The results are seen in table 2. 

TABLE a 

Temperatures of coagulation of a sample of milk which had been held for seven days 
at a temperature of 7® to 


«IMB 


TJSltPXBATUBE OF COAGULATION 



Time ef (min) 

Pia, 4. Euiiation b»twbbn Tmas akb Tempebatum of Coaoulafion m Two 
Grades of Milk from the Same Herd, after Evaforatiok 

♦ 

The relations are more clearly|brought out in figure 4. 

The data seem to indicate that there is no sharp break in the 
rdationship of time to temp^ature. 
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The relation of the variations in temperature of sterilization 
to those in time of sterilization approaches very closely a loga¬ 
rithmic nature. How closely this relation holds for the eiqperi- 
ments recorded is shown in figure 6, where the logarithm of the 
total change in temperature from the temperature of coagulation 
at sixty minutes is plotted against the time in minutes. 



Fia. 5. Showing thb Logarithmic Nature or the Relations Shown in 

Figure 4 

The data presented show that if the coagulating temperature 
of an evaporated milk, of approximately 18 per cent solids not 
fat, for a certain time period is known, we can predict approxi¬ 
mately the temperature of coagulation for any other period of 
time; or vice versa, the time period required for any other tem¬ 
perature. For convenience a table such as the one given below 
might be of value, and it is perhaps better suited to practical use 
than a formula would be. Table 3 indicates the degrees that 
must be subtracted from the coagulating temperature (y) of 
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any evaporated milk containing approximately 18 per cent 
solids not fat, for a ten-minute period, at each successive five- 
minute period. 

If the coagulation temperature of an evaporated milk for 
a ten-minute period is found to be 130°C., the coagulation tem¬ 
perature for a thirty-minute period will be j/ —12 or IIS^C. 

For this same milk, suppose the coagulating time is required 
for a temperature of 120"C. The difference between this tem¬ 
perature and the coagulating temperature at ten minutes is 
10°; or the coagulation temperature is y —10. The correspond- 

TABLE 3 


Variation in coagulating temperature for each time period 'in a series at five-minute 


TIMB 

intervals 

j TBMPBRATUBIB OF CO.VQULATIOM 

minutes 

•c. 


10 

y 

y 

15 

y-5 

»-9 

20 

y-8 

2/-14.4 

25 

y-10.5 

2^-19 

30 

y~12 

y-21.6 

35 

y-13 

2/-23.4 

40 

y— 14 

2/-25.2 

45 

^-15 ‘ 

[ V-21 

50 


2/-28 

55 

2/-10 

1 2/—28.8 

60 

ef-16.5 

i I/-29.7 

75 

y-l7 

2/-30.6 


ing time will be twenty-four minutes. Again, if a milk just 
coagulates at 119°C. in thirty minutes, the temperature of 
coagulation for a forty-five minute period will be (y — 15) — (y —12) 
or 3°C. less than the coagulating temperature for thirty minutes, 
or 116°C. 

Knowing that this milk coagulates at 119°C. in thirty minutes, 
one can ascertain the time required for a temperature of 123°C. 
as follows. The coagulation temperature for thirty minutes is 
119°C., or is represented by y—12. The temperature 123°C. 
hi 4° greater then the temperature for which the time is known, 
and will be represented by y —8. The time corresponding to y —8 
as coagulating temperature, is twenty minutes. 
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In order to avoid confusion in calculations it is well to keep 
always in mind that the higher the temperature the shorter the 
time, and vice versa. 


SUMMARY 

In order to make the results obtained upon various milks 
comparable with respect to time and temperature of coagulation 
it is necessary to calculate all concentrations upon the basis of 
the proportion of solids not fat to the total weight minus the 
weight of the fat. While calculations of solids upon the basis 
of total solids (including fat) will hold for all milks with ap¬ 
proximately the same fat content, any variations in the percen¬ 
tage of fat will introduce error into the data of true concentration 
of proteins and consequently will introduce error into coagula¬ 
tion data. A calculation of results upon the basis suggested 
will give a true basis for the comparison of the stability of evapo¬ 
rated milks toward heat, and make possible a comparison of 
milks from day to day, as well as of skim and whole milks, 
whatever may be their fat content. The presence of a high fat 
content in a milk will raise its coagulating temperature slightly 
over that of skim milk from the same sample, due in all proba¬ 
bility to the absorption of heat by the fat present in the whole 
milk. It would seem therefore that in studying the mechanism 
of coagulation the most reliable results would be obtained wdth 
skim milk. 

The relation of the coagulation temperature to the concen¬ 
tration of evaporated milk, between the concentrations of 10 
and 26 per cent, has been determined. The greater the con¬ 
centration the greater the variation between skim and whole 
evaporated milk from the same sample. 

In the region of concentration which is of most interest (18 
to 20 per cent) the change of coagulation temperature for every 
1 per cent change in concentration is approximately 1.6°C. In 
higher concentrations the change is slightly more. 

The relation between concentration and coagulation tempera¬ 
ture in a milk of poor quality seems to parallel that in a milk 
of good quality. 
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The relation of the temperature of coagulation to the time of 
coagulation has been determined between ten and sixty minutes 
and found to approximate very closely a logarithmic relation, 
with respect to time. Knowing the time and temperature of 
coagulation of a milk of certain concentration, therefore, one 
can approximate the temperature of coagulation for any other 
period of time. The same relationship between time and 
temperature seems to hold for milks of poorer grade. 
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The value of milk inspection for a small city is very conclu¬ 
sively shown in the results of a series of surveys conducted in the 
city of LaFayette, Indiana, over a period of nearly two years. 

In October 1921, a survey was made to determine the quality 
of the milk sold. It was found that there were 37 distributors 
of which 34 were also producers, and all but 2 were selling milk 
in the raw state. During the month at different intervals six 
samples of milk were collected from each distributor and the 
bacterial count determined according to Standard Methods of 
Milk Analysis 1921, the per cent of milk fat, visible dirt and total 
solids. The per cent milk fat in all cases was well above the State 
standard of 3.25 per cent and judging from the total solids no 
water adulteration was found. Sixty-six per cent of the samples 
collected contained more than 1,000,000 organisms per cubic centi¬ 
meter the highest count obtained being 7,000,000 and the lowest 
270,000 organisms per cubic centimeter. The bacterial count had 
little or no time to increase for the samples were taken from the 
wagons as they made their early morning delivery and in all 
cases immediately placed on ice and plated within two hours. The 
amount of visible dirt found on segment discs showed only two 
distributors and one of those was using a clarifier had pads equal 
to a No. 1 pad, the remaining grading downward. Public senti¬ 
ment was ScToused thru a series of meetings and thru the local 
medical association, causing the city administration to act. 

Early in 1922 a veterinarian was appointed milk inspector 
by the city administration, to devote one fourth his time in 
endeavoring to have the producers tuberculin test their cattle 
and to instruct them in better methods of handling mUk. In a 
survey which was made the latter part of March following the 
same procedure as the previous survey, it was shown that 38 per 

$69 
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cent of the samples collected had more than a million organisms 
per cubic centimeter and 20 per cent with 50,000 or less, and 80 per 
cent of the sediment discs graded out no. 1. The highest count 
shown in March was 4,190,000 and the lowest 10,000. Owing to 
the pressure of his professional work no inspection or instruc¬ 
tional work was carried on from March to June, and with 
warmer weather conditions the survey conducted in June shows 
an increase in bacterial content of the milk. Forty-two per cent 
of the samples collected had more than 1,000,000 and only 5 per 
cent with a count of less than 100,000. 

In October, 1922, the milk inspector resigned and another 
veterinarian appointed under the same conditions. The following 
program was outlined : 

1. That samples were to be collected at different intervals 
during the month from the majority of distributors, especially 
those who continued to give high counts. 

2. Each distributor was to be informed personally as to the 
condition of his milk and methods to be used for bettering his 
milk. 

3. That results be published in the local paper. 

4. To have all the milk that is soj,d in a raw state from tuber¬ 
culin tested cattle. 

5. That a series of meetings to be held with the distributors 
to discuss means of bettering the milk supply. The survey made 
in November after one months work of the inspector showed 
4 per cent of the samples collected to be over 1,000,000 and 72 
per cent under 100,000. The inspector had particularly in¬ 
structed them in the means of removing visible dirt and means 
of sterilizing their utensils. Similar surveys were conducted dur¬ 
ing the months of December to May, 1923, of which the results 
are explained in the following table. In the case of October, 
1921, March and June, 1922, samples were obtained from all the 
distributors. In the succeeding surveys a majority of the distrib¬ 
utors’ milk was analyzed. I'he inspector endeavored to 
obtain samples from those distributors whose milk was of the 
poorest quality in previous surveys. 
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TABLE 1 


The percentage dutrihution of samples collected from distributors in regards to 

bacterial content 


COUKT 

i 

i 

e< 

§ 

a 

I 

H 

n 

P 

i 

! H 

a 

H 

> 

o 

z 

I 

i 

» 

1 

A 

JANUARY, 1923 

eo 

§ 

s 

p 

M 

m 

H 

o» 

! 

1 

i 

% 

§ 

H 

< 

a 

5,000-10,000 


5 


4 


30 6 

55 

7 

20 


11,000-25,000 


5 

5 

28 

17 

12.6 

7 

14 

30 

8 

26,000-50,000 


10 


24 

10 

12.6 

23 

14 


30 

51,000-100,000 




16 

10 

19.0 

15 

28 


8 

101,000-250,000 

9 

32 

5 * 

16 

50 

6.3 


7 


8 

251,000-500,000 

9 

5 

27 

8 

13 

6.3 


14 

20 

16 

501,000-1,000,000 

16 

5 

21 



6.3 


14 

30 

30 

1,001,000-over 

66 

38 

42 

4 








SUMMARY 

That milk inspection service in small cities is practical and by 
expending a comparatively small amount of money, in the case 
of the city of LaFayette $1000 per year covered all expenses, 
a marked improvement upon the quality of milk can be obtained. 
The results quoted were accomplished by a veterinarian devoting 
one-fourth of his time. Devoting of more time by the inspector 
and the conduction of more surveys would undoubtedly yield 
greater improvement. 
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The self-^der is now recognized as a valuable adjunct in the 
feeding of hd|^ and also to some extent in fattenin^peef cattle. 
Its use with dairy cattle is still in the experimental ?|tage, how¬ 
ever, and the project reported here is supplementhry to the 
work outlined in paper VII of this series. 

RjfeSXJM^ OF PREVIOUS WORK 

Part of’-the work on the use of self-feeders, and^problems 
intimately cbnnected with their use has already been reviewed 
in paper VII of this series but a few additional references may 
be given here. . 

Among the few references obtainable it is foimd that both 
Cook (59) and Nevens (62) reported good results where a grain 
mixture was provided in a self-feeder for calves. On the other 
hand, Hunt (61) found that cows in milk, when allowed access 
to a self-feeder, consumed so much grain that milk production 
was very uneconomical. 

A report has already been given of the preference of young 
calves for Whole grains and Hanly (60) obtained similar results, 
while Woll 4pd Voorhies (63) found a slight advantage in feeding 
ground grain but the difference was not sufficient to pay for the 
grinding. 

EXPERIMENX^ WORK 

The work outlined here was undertaken with the view of 
ascertaining ^e possibility of raising dairy h^er calves from 
birth to the age of first freshening with the md of the self-feeder. 

«72 
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The feeds used were very siroilar to those used in the earlier 
work reported in paper VII of this series, with the exception 
that gluten feed and hominy meal, which had proved to be un¬ 
palatable, were excluded. 

Three purebred heifer calves were used. All were in good 
growthy condition when put on the self-feeder at an average 
age of 27 days. Information concerning them is given in table 45 
and where necessary it is calculated to October 5, 1919, the 
day on which the trial started. 


TABLE 45 
Animals used 



CALF 487 

CALF 491 

CALF 493 

AVKXUQ8 

Breed. 

Birth weight pounds . 

Jersey 

64 

Ayrshire 

60 

Holstein 

80 

G8 

Age, days . 

« , 

20 

19 

27 


TABLE 46 
Previous feed 



CALF 487 

1 CALF 491 

CALF 498 

TOTAL 

AVBBAOJS 

Sucking, days . 

1 

6 

6 

12 

4 

Whole milk, pounds .it. 

359 

103 

103 

565 

188 

Pasture, hours .. 

328 

104 

104 

536 

179 


From the time of removal from their dams, until the beginning 
of the experiment, the calves had been receiving whole milk and 
were on pasture a few hours daily. In addition, calf 487 had 
also had a little hay and grain before the start of the trial. 

All feed records were kept by 30-day periods and at the end 
of each period the animals were weighed on each of three suc¬ 
cessive days and the average of the three weighings was con¬ 
sidered to be the weight of the animals at the end of the period. 
The hei^t at withers, depth of chest and width at hooks was 
also determined for each animal. 

The original intention was to carry the animals to the age of 
first freshening but as difficulties apparently arose r^arding the 
breeding of the heifers, the trial had to be discontinued at the 
end of the twenty-second period. 
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At the beginning of the experiment the anim^ were all 
receiving whole milk, hand fed, and had before them at all times 
alfalfa hay and salt. The self-feeder kept in their pen con¬ 
tained the following concentrates: 

Shelled corn 
Cracked corn 
Whole oats 
Ground oats 
Wheat bran 
Linseed oil meal O. P. 

The calves were turned out daily for exercise and water and 
during the first 27 days they were on pasture for 8 hours daily. 
During the winter they were exercised and watered daily in the 
dry lot. When the pasture was ready in spring the heifers were 
turned out. The three animals were on a pasture of 2.09 acres 
and for shelter they had an open shed in which the self-feeder 
was kept. 

The feeding of milk and alfalfa was discontinued during the 
eighth period and from the beginning of the ninth period to the 
end of the trial the animals were continuously on pasture but 
had access to the self-feeder at all times up to the end of period 
XVIII. Periods XV to XX .were in winter and during that 
time alfalfa hay was again fed and silage was also allowed. In 
this winter period, however, the heifers also obtained some feed 
from the pasture. In the last two periods pasture alone was 
allowed. 

DISCUSSION OP RESULTS 

The feed records were kept by 30-day periods but in order 
to study the early actions of the calves the record for the first 
30 days was kept in 10-day periods. In considering this fiorst 
period it is foimd that the calves took readily to the whole com 
and whole oats and consumed considerably less of the ground 
feeds. They consumed a relatively liberd amoirnt of wheat 
bran but only about half as much oil meal as whole com or whole 
oats. Their consumption of grain was great® during the first 
10 days than was their consumption of alfdfa hay, but during 
the second 10-day period they decreased tiheir grain eoiusumption, 
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particularly the oil meal and bran and increased their hay con- 
sumptioD. Evidently therefore, they took relatively too much 
grain during the first 10 days but immediately proceeded to 
correct it as their hay consumption exceeded their grain con¬ 
sumption for the 30-day period. 

TABLE 47 


Feed consumption during period I 



BUB-PJSBIOD 

TOTAL 

AVEBAOB 

PBR 


i 

ii 

iii 

RBtFJQB 

Wliole milk. 

rounda 

263 

pounda 

309 

pounda 

312 

I pounda 

884 

pounda 

295 

Whole corn. 

3.2 

6.6 

1.9 

10.7 

3.6 

Cracked corn. 

0 0 

0.9 

0.9 

1.8 

0.6 

Whole oats. 

2.4 

2.8 

5.6 

10.8 i 

3.6 

Ground oats. 

1.2 

0.5 

3.2 

4.9 

1.6 

Wheat bran. 

4.0 

1.9 

1.4 

7.3 

2.4 

Oil meal. 

3.2 

0.0 

1.4 

4.6 

1.6 

Alfalfa hay. 

1 

4.8 

15 8 

27.3 

47.9 

16.0 


TABI.E 48 

Individual milk consumption 


PDRIOD 

CALF 487 

CALF 491 

CALF 493 

TOTAL 

AVERAOB 

NUMBBB 

Whole 

fikim 

Whole 

Skim 

Whole 

Skim 

Whole 

Skim 

Whole 

Skim 


milk 

milk 

milk 

milk 

milk 

milk 

milk 

milk 

milk 

milk 


pounda 

pounda 

pounda 

pounda 

pounda 

pountU 

pounda 

pounds 

pounds 

pounda 

I 

294 


202 


328 


884 


295 


II 

302 


302 


392 


996 


332 


III 

315 


212 

138 

266 

161 

783 

290 

261 

100 

IV 

316 


180 

180 

210 

210 

705 

390 

235 

130 

V 

315 


180 

180 

210 

210 

705 

390 

235 

1 130 

VI 

296 

15 

162 

192 

189 

225 

I 647 

432 

216 

144 

VII 

120 

199 


260 


336 

1 120 

795 

40 

265 

VIII 


90 




90 


180 


60 

Total. 

1967 

304 

1298 

950 

1585 

1232 

4840 

i 2486 

i 1 

1613 

829 


The milk feeding was at no time heavy, the animals being fed 
limited amounts twice daily, as it was felt best to allow the calves 
to choose their own feeds as much as possible. The fact that the 
calves did not lack for feed and developed well even on limited 
amounts of milk is shown by the live weight gains. 
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In considering the total amounts of feed consumed it is found 
tiiat cracked com came first among the concentrates and was 
followed closely by whole com, while whole oats was considerably 
behind, amounting to only about one-third of the whole com. 
The amount of oil meal consumed was only about half that of 
whole oats while wheat bran was considerably lower and the 
ground oats consumed was but a very small amoimt. Roughly, 
there was one and a half times as much whole com consumed 
as of all other concentrates combined, with the exception of 
cracked corn which was consumed in even larger amoimts than 
the whole com. 

The total consumption of the various grains is perhaps not of 
as great interest as the changes which take place in the relative 
amounts of them consumed at various stages in the trial. During 
the first six periods when the amounts of whole milk fed exceeded 
the skim milk there was a steady increase in the amount of whole 
com consumed while the cracked was consumed in insignificant 
amounts. The same holds true for both whole and ground oats, 
in fact the calves appear to have tried them at first and then 
decreased their consumption of them. The wheat bran also 
formed an insignificant part of the grain ration during this time, 
though the amount of oil meal used increased considerably with 
the exception of a very severe drop in the fifth period. 

In the seventh period the skim milk fed exceeded the whole 
milk and in the eighth period skim milk alone was used for a time. 
The consumption of the whole com reached its peak in the seventh 
period, probably owing to its use for the replacements of the 
butterfat removed from the ration, but in the eighth period it 
dropped. This drop in whole corn consumption was accom¬ 
panied by an enormous increase in the amotmt of whole oats 
used. The bran consumption increased greatly during the 
seventh and eighth periods and that of oil meal also went up, 
while the amounts of cracked qorn and ground oats consumed 
remained low. 

Tbe heifers were turned to pasture at the beginning of the ninth 
period and from there to the end of the fourteenth period they 
were under summer conditions and receiving no milk. Throui^ 
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out this time the consumption of whole corn decreased and that 
of cracked com increased. The consumption of oats in any form 
was low until the last 30-day 'period of this section when the 
amount of whole oats consumed was large. The consumption 
of bran was somewhat irregular though with a tendency to increase 

TABLE 48 


Total feed consumption by S0~day periods 


PIDATOD 

NDMBSJB 

WHOLE MILK 

S 

a 

§ 

0 

o 

s 

s 

» 

CRACKED CORN 

WHOLE OATS 

GROUND OATS 

WHEAT BRAN 

H 

o 

h 

< 

W 

§ 

n 

o 

i 

§ 

o 

o 

ta 


Jba. 

Iba. 

tba. 

Iba. 

Uia. 

Iba. 

Iba. 

Iba. 

Iba. 


Iba. 

I 

884 


11 

2 

11 

5 

7 

5 

48 


0.31 

II 

996 


24 

6 

44 

15 

1 

2 

133 


0.23 

III 

783 

299 

208 

2 

0 

25 

0 

27 

122 


0.24 

IV 

705 

300 

308 

0 

6 

13 

0 

99 

153 


0.09 

V 

705 

390 

466 

0 

9 

11 

2 

7 

129 


0.06 

VI 

647 

433 

577 

5 

1 

6 

2 

96 

144 


0.19 

VII 

120 

795 

651 

8 

1 

7 

43 

111 

149 


0.05 

VIII 


180 

538 

6 

180 

7 

52 

118 

157 


0.60 

IX 



490 

327 

16 

0 

4 

0 



1.44 

X 



511 

438 

26 

19 

77 

46 



1.05 

XI 



343 

612 

0 

0 

33 

17 



1.04 

XII 



508 1 

329 

23 

9 

79 

51 



1 03 

XIII 



448 1 

685 

51 

24 

15 

80 



1.04 

XIV 



252 

732 

188 

0 

73 

59 



1.05 

XV 



31 

835 

172 

33 

0 

91 

242 

674 

0.84 

XVI 



44 

927 

480 

23 

14 

31 

165 

106 

0.70 

XVII 



1 

913 

399 

0 

0 

21 

199 

192 

0.65 

XVIII 



412 

584 

235 

0 

16 

13 

254 

219 

0.72 

XIX 









537 

892 

0.83 

XX 









142 

1425 

1.20 

XXI 











1.16 

XXII 











1.01 

Total. 

4840 

2487 

5823 

6411 

1842 

197 

418 

874 

2574 


15.68 


when compared with the previous production. The oil meal 
consumption dropped to zero during the first thirty days on 
pasture and during summer was never high. 

During the fifteenth to eighteenth periods com silage and 
alfalfa hay were given at free will and during this time the whole 
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com consumption decreased and that of cracked com increased 
until the last 30 days when there was a radical change in the 
opposite direction. The consumption of whole oats increased 
with the exception of the last period. Ground oats and bran 
were consumed in but small amoimts and the consumption of oil 
meal though increased in the first 30 days declined towards the 
end. 

TABLE 80 


Consumption of whole and ground grains 


PBBIOO 

NtriiBsa 

WBOLB OBAIK 

GBOUND OBAIN 

AMOtTNT or 
WHOLM OBAtSr 
PBB POUKD 
OF OKOUNO 
GBAIN 

Corn 

Oats 

Total 

Corn 

Oats 

Total 


pounds 

pounds 

pounds 

pounds 

pounds 

pounds 

pounds 

I 

11 

11 

22 

2 

5 

7 

3.1 . 

II 

24 

44 

08 

6 

15 

21 

3.2 

III 

208 

0 

208 

2 

25 

27 

9.0 

IV 

308 

0 

314 

0 

13 

13 

24.2 

V 

406 

9 

475 

0 

11 

11 

43.2 

VI 

577 

1 

578 

5 

6 

11 

52.5 

VII 

051 

1 

652 

8 

7 

15 

43.5 

VIII 

538 

180 

718 

6 

7 

13 

55.2 

IX 

490 

16 

506 

327 

0 

327 

1,5 

X 

511 

26 

537 

^38 

19 

457 

1.2 

XI 

343 

0 

343 

612 

0 

612 

0.6 

XII ! 

508 

23 

531 

329 

9 

338 

1.2 

XIII 

448 

51 

499 

685 

24 

709 

0.7 

XIV 

252 

188 

440 

732 

0 

732 

0.6 

XV 

31 

172 

203 

835 

33 

868 

0,2 

XVI 

44 

480 

524 * 

927 

23 

950 

0.6 

XVII 

1 

399 

400 

913 

0 

913 

0.4 

XVII [ 

412 

235 

647 

5.S4 

0 

584 ; 
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From the time the calves were put on the trial Until they went 
to pasture, 210 days later, they had free access to alfalfa hay and 
the consumption of this increased fairly readily. During tfeip 
following summer they had no roughage but pasture but at th€i’ 
approach of winter they were given com silage and alfalfa hay. 
These roughages were fed for 6 months and during the first 4, 
grain was also being given. During the first period of feeding the 
silage was consumed in fair amounts but for the next three little 
of it was consumed as it frequently froze befonp the heifere would 
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(‘oiisuino it. Tlie (*()nsu)nj)tion of Jiay reinainod fairly (‘onstaiil. 
For the two periods after the ^rahi was removed tlie silage eon- 
sumption inereascnl greatly and there was an ima-ease in liay eon- 
sumption for 1 month hut in the last month it was inhibited 
])i'obably by the greater silage eonsum])tion and th(' freshening 
of the pasture. In th(‘ last two months of the trial tlu' animals 
reeeived ])astur(' only. 

The salt eonsum])tion inereasfKl irre^’ularly from the .^tart of 
the ti'ial until (he (*al\T*s were' weaned and ])ut to ])astur(V Vt 
this sta^»*(' there* was a ^’)*(‘at ima-c'ase* in salt (‘oiisuniption and this 
wars fairly well juaifitaine<l until the introdu(*tion of alfalfa and 
silaji;e at the Ix'^imiiii^- of wantea* w'lnm the* salt (*onsumption 
a«ain tell atid remaimal low' until aftei the »rain had been n*- 
moved and tiu* heifers wnv b(*j 2 :innin^' to ^(*t frc'sh ])asture a^ain. 
At this time it again rose and reanained so until the* trial (*nded. 

In (uimjiaring tln^ amounts of whole eorn and oats eonsumtal 
with the amount of the ground grains utilized, i^ is found that 
from the beginning of the trial until the end of the eighth period, 
when theealves were W’(‘aned and put to pasture, that the amount 
of wdioh^ grain ima’caased fi’om 3.1 ])ounds [ler ))ound of ground 
grain (consumed in the tii'st pcaaod to 55.2 pounds per pound of 
ground grain in the (*ighth pia’iod. During this time ther(*fore 
the ])ref(a*enee of the i*alves was for whole grains. ITom then on 
howevei', whether the ealv(‘s wei’i* on ])asture or on alfalfa and 
(*orn silage, tlnae was no sueh marked pi*(*fer(aK*e for the whole 
grains. Sometimes tluw eonsumed moie wdiolt* than gi'ound 
grains and at otlua- tiim\s eonsid(a*ably less. 

leaking the tw’o main grou])ings it is found that while* the 
railves were receiving milk, grain and hay, they eonsumed 25.7 
j)ounds of whole (*orn and oats for each ])ound of the gromxl 
grains, w'hile the ratio was only 0.7 j)ound of the* whole gialns 
per ])()und of ground grains wlien the luafers were g(*tting grain 
and W'ere on pasture or being fed silage and alfalfa. At no tinu^ 
howawau', wTre ground oats (*onsumed in a])pr(‘ciable amounts 
and it w\as only towaird the end that whole oats were eaten in 
lamsiderablo quantities. 
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TABLE 51 


Average live weights and body measurements 


TIME 

LIVE WEIGHT 

HEIGHT 

DEPTH 

WIDTH 

Birth. 

jmutkIh 

OS 

incftta 

inches 

inches 

Start of trial. 

End of period: 

80 

28.1 

11.3 

6.2 

I. 

113 

29 6 

12.5 

7.4 

II. 

155 

31 0 

14 0 

8.2 

Ill. 

220 

34 3 

15 0 

9.3 

IV. 

278 

35.9 

10.4 

10.5 

V. 

321 

37 8 

17.0 

11.3 

VI. 

398 

39.4 

18 7 

12.1 

VII. 

469 

41.0 

19 9 

13 3 

VIII. 

515 

42.1 

20.7 

13.7 

IX. 

r.6S 

42 9 1 

21 5 

14.4 

X. 

622 

43 7 ; 

22.2 

15 2 

XI.! 

077 

44 5 

22 V) 

15 0 

XII. 

733 

45 2 

23 0 

10.0 

XIII. 

787 

40 0 

23 8 

10 4 

XIV. 

842 

40 8 

24.2 

17.2 

XV. 

854 

47.0 

24 0 

17.0 

XVI. 

905 

48.0 

25 4 

17.9 

XVII. 

954 

48 4 

25 7 

18 3 

XVIIT. 

984 

48 8 

25 7 

18.7 

XIX. 

973 

49 1 

25 7 

19.1 

XX. 

990 

49 5 

20.1 

19.1 

XXI. 

991 

49 5 

20.1 

19 1 

XXII. 

972 

49.5 

20.5 

19.1 


TABLE 52 

Perf^entage increase in live weight a7id body measurements 


AGi: 

HEM’EliS FED NOUMALLV 

HElFEUft ON SEDh-FEEDER 

Live 

weight 

ITeight 

Depth 

Width 

jAve 

weight 

Height 

Depth 

Width 

month a 

f}crcent 

per rent 

IMT cent 

2 fer cent 

jrwT cent 

j)er C4inl 

per cent 

/XT cent 

0 

309 

34 

57 

67 

372 

35 

50 

83 

12 

731 

54 

92 

118 

896 

58 

100 

155 

18 

988 

1 04 

112 

146 

1303 

72 

127 

195 

23 

1171 

1 08 

121 

I 

164 

1622 

76 

135 

208 


The average live weights of the heifers from the time of birth 
to the finish of the trial are given and the body measurements 
from the beginning of the trial. The calves used in this work 
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were? practicully 1 inonth of age when the work was started and 
in order to get an idea of their rehitive rates of growth, they are 
coiniiared with cah'es fed under normal conditions. This com¬ 
parison is made on the percentage increase in live weight from 
birth and body measurements from one month of age. This 
method was used in pajier 111 of this series and the averages for 
the normally fed animals used in Ihe woi-k reported in that paper 
are used as a basis of comparison for the animals discussed here. 

The calves used iji the self-feeder trial were slightly below nor¬ 
mal in live weight and body measurements at the start but they 
gained rapidly and at the end of the twenty-second j)eriod of the 
trial, when the self-fed heifers were 2;-{ mouths of age they showed 
gi’eater development in weight and all body measurements except 

T\i)i i: .M 

Jfrlatin itr r((is( ni gt oirth oj sclf-falheifeiHaatompaird u'itfi mfnnalh/groirn heiferti 



Ln i: wifioMT 

IlLlOllT 

DKPTII 

WIDTH 

tmtni ' s 

/Kt n ni 

pn <i ‘it 

pn rrni 

per ft j/t 

(i 

101 

108 

98 

122 

V2 

128 

107 ' 

109 

181 

IS 

181 

118 

118 

184 

23 

1 180 

1 112 

HI 

127 


width than the normally fed heifers did at the age of freshening, 
namely, 21) months. I'heir growth in weight and body measure¬ 
ments at the first of the trial greatly exceeded that for the nor¬ 
mally fed heifers. 

For further (!oin]raiison the relative increases in live weight and 
body measurements of the .self-fed heifers are compared with the 
same increases for the normally fed animals by 6 months periods. 
In other words, the av'^erage percentage increase in live weight 
of the self-fed heifers during their first. (5 months is expressed as 
a percentage of the average percentage liv^e weight increase during 
their fii’st period of 6 months for the normally fed animals. 

On examining the data by this method it is found that on the 
whole the self-fed heifers increased relatively more rapidly in live 
weight than they did in body measurements. This indicates 
in the best possible way the tendency for the self-fed heifers to 





Fig. 1. Hktfer 4S7 at 15 Months f)F Age 


Fig. 2. Heifer 491 at 15 Months of Age 
582 
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la}’ on fat and get in highor (‘ondilion Ilian tho normally fed 
animals. 

When the body measurements alone are eonsidered it is found 
that the greatest relative increase is in the width at the hooks 
and of the three measurements taken, this is the one most easily 
affected by condition. The height at withers and the dejith of 
chest do not seem to lie affected to such a great degri'c. All 
the body measurements wen* aboAc normal, due to some extent 



Fiii a. llEiFEii liKI AT 15 Months of .\<ik 

to extra fleshing at the hooks, over the withers, and on the floor 
of the chest, but also undoubtedly to some extent due to in- 
creused skeletal growth. 

It should bo noted that from 18 to 23 months of age there was 
a falling off in the relative increases in the live weights and body 
measurements of the self-fed heifers. I’his was due to the fact 
that during the latter part of this period the heifers were on 
pasture only and lost in live weight and the outward evidences 
of condition. 
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The feed cost of growing the self-feeders has been determined 
with the same feed costs as were used in paper IV of this series 
in determining the cost of growing heifers fed normally. The 
costs of growing the normal heifers to 24 months of age are given 
as they were originally calculated on that basis while the feed 
cost for the self-fed heifers is given to'23 months- -the age of the 
heifers when the trial finished. 

The feed costs of growing the normal and self-fed heifers 
do not vary as widely as might be expected, up to 18 months of 
age, but from there to the age of 23 or 24 months there is a differ¬ 
ence which needs explanation. In the first 0 months of life the 
calves, as would be expected, show practically the same indi- 


TABLE 54 

Average feed cosl of groxcing heifers 


AGE 

lEKDOOBTBY 

6-month periods I 

CUM ULATIV E PF.BD 

C OST 

FEED COST PER 
POUND OF GAIN DT 
6-MONTH PERIODS 

! 

rnMULATlVE FEED 
COST PER POUND OF 
GAIN 


Normal 

Self-fed 

Normal 

Self-ted 

Normal 

Self-fed 

Normal 

Self-fed 

months 

dtjllars 

dollars 

dollars 

dollars 

Cf'tlts 

rnits 

cents 

cents 

0~0 

35.57 

35.81 

35 57 

35 81 

14.4 

14.1 

14.4 

14.1 

6-12 

20,18 

21.78 

55.75 

57.59 

8.3 

6.1 

11.4 

9.5 

12-18 

17.76 

20.92 

73.51 

78.51 

10.3 

7.0 

11.1 

8.9 

18-24 ! 
18-23 

16 27 

8.72 

89.78 

87 23 

9.4 

48.4 

10.7 

9.6 


vidual feed costs, but in the two succeeding 0 months periods, 
the self-fed heifers ate relatively more grain per head and so 
at 18 months of age the total feed cost of growihg the normal 
heifers was $73.51 and that for the self-fed heifers was $78.51 or 
$5 per head more. Up to this time the cost per pound of gain for 
the self-fed group was below normal, that for the normally fed 
heifers being 11.1 cents per pound and that for the self-fed animals 
8.9 cents per pound. In paper IV of this series the heifers were 
divided into winter and summipr groups, according to the time 
at which they were dropped. As the self-fed heifers were in the 
winter group it is well to state that the normal cost per pound 
of live weight gain up to 18 months of age was 11.4 cents for the 
winter group. 
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From 18 to 24 months of age the feed cost for normally fed 
heifers was $10,26 while the feed cost for the self-fed heifers was 
$8.72. This marked difference in favor of the self-fed animals 
is due in great part to fact that in the latter paid of this stage 
the self-fed animals were on pjtsturc alone, while the other animals 
had been receiving grain. The normally fed winter heifers during 
the period of from 18 to 24 months of age had an average feed 
cost of $15.10. 

From the age of 18 to 28 months tlu' self-fed heifers showed 
little live weight gain, in fact at 23 months of age they weighed 


TABI.E .'.5 

BrWiling of Inufvii^ 


nElKER NUMB EH 

1)AT);.S OF 
BUhMlING 

I)\TK OP 
S1t<\'e88FUI. 

FJtKSH 

C \LP 

At,E AT 

I IllMH- 


BHELOrNG 


So\ 

Wrught 

KNINO 






tunuitls 

months 

4S7 

12/10/20 







1/ 2/21 

1/2/21 

1—1 


41 

25 

491 

1/ 2y'2l 







1. 23/21 j 







3/ 3/21 

3;3/21 

12/ 9/21 


75 

27 

493 

2/20/21 







4/ 5/21 







7/ 0/21 

, 






8/ 7/21 

8/7/21 



i 

32 

Average. 

3 





2S 


less than they did at 19 months of age. This is due to the fact 
that when grain was taken away from them completely and they 
were left to subsist on young grass alone, a considerable amount 
of shrink occurred and this had not been completely overcome 
at the end of the trial. Consequently, the feed c,ost per pound 
of gain during the last 5 months is exceptionally high. On the 
average the feed cost per pound of live weight gain from bii’th 
was 9.6 cents in the case of the self-fed heifers at 23 months of .age 
and 10.7 cents per pound in the case of the normally grown heifers 
at 24 months of age. 
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There is apparently some difference in the feed cost per hundred 
pounds of live weight gain between heifers fed in the ordinary 
method and those self-fed. This is true when they reach (he age 
of about 2 years and the self-feedei’ would appear to have other 
ad\ antages as the animals raised by this method need less atten¬ 
tion when they have i)assed weaning age and grow heavier and 
larger. 

In connection with the work with the heifers raised with the 
self-feeder a record was kept of the breeding of the animals and 
as was noted earlier the trial was discontinued owing to a})parent 
difficulty in getting them bred. 

The lieifers, nos. 487 and 45)1, were settled dniing the trial 
but owing to their condition it was a difficult matter to tell, in the 
early stages, whether or not they were pregnant. Later on, on 
examination, pei' rectum, they proved to be in (falf. I'liey fresh¬ 
ened at ages which are normal for the breeds to which they be¬ 
long. The heifei' 487 was a Jersey, freshening at 25 months of age, 
and no. 45)1, an .Vyrshire, freshening at 27 montlis. Throughout 
the (rial the Jersey heifer was in relatively lower condition than 
the Ayrshire. The Holstein heifer, no. 4().‘l, was in the highest con¬ 
dition throughout the (rial. As yet she has not freshened but on 
examination, ])er rectum, has shown that .she is going to freshen 
to the breeding of August 7, 15)21. This means that she will 
freshen at 32 monfhs of age—a rather advancetl age for a heifer 
of her de\’elopn)ent. 

The animals were of different breeds aiul this induces a factor 
beyond control, but there should not be much diftei ence in the 
freshening ages of Ayrshires and Holsteins and it can readily be 
seen that there was much more difficulty in getting the Holstein 
settled and this is very probably due to the exceedingly high con¬ 
dition she was in. Hhe was only bred successfully after she had 
been on pasture alone for some time and lost in condition. 

SUMMAKY 

From this trial with a self-feeder in the raising of dtdry heifers 
it is probable that the following suggestions may be made: 
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1. Hiers is Kttte difference in the feed cost of raising heifers 
to two yeaxs of age hy the self-feeder method or by hand feeding 
where a liberal grain allowance is given. 

2. The feed cost per pound of gain is lower with the self-fed 
heifers. 

3. The heifers raised with the self-feeder will show the greater 
increases in live weights, height at withers, depth of chest and 
width. 

4. The greatest relative increase will be in the live weight and 
thou^ the skeletal measurements mentioned do show a true 
increase, this is further augmented by extra flesliing. 

5. With self-fed heifers the extra conditioning may tend to 
delay breeding, or perhaps impair their breeding powers. 

6. Ground oats and wheat bran are not palatable to heifers. 

7. When the heifers are on a milk ration, whole com is the 
grain consumed in greatest quantities; cracked com and whole 
oats being used but little. 

8. After weaning, and when under summer conditions, the 
consumption of cracked com increased while that of whole com 
decreased. 

9. When the heifers were under winter conditions, after they 
were a year old, cracked corn and whole oats were apparently the 
most palatable grains. 

10. Linseed oil meal was evidently a palatable supplement 
though the quantities of it consumed varied from time to time. 

11. Salt was consumed regularly. The largest amounts were 
used when pasture was available. 
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Recently we have had the privilege of studying records of a 
herd of dairy cattle that was established in 1896, twenty-seven 
years ago. To found the herd 14 nice cows were pur^ased 
and ever since then the best heifer calves have been retained 
to enlarge and improve the herd. 

like every other herd, this one has been visited by its quota 
of abortions, tuberculosis, accidents and defectives, but it has 
received unusually good attention, care, feed and stabling. We 
believe its rate of expansion, or growth, will prove interesting to 
breeders of cattle. A review of this herd is as follows; 

1896 —Herd founded with 14 cows. 

191 ^—The herd in 1912 contained 29 female descendents of the 
14 cows. Eleven of the 14 foundation cows failed to produce 
enough offspring, particularly heifers, to breed on and disappeared 
from the herd in the sixteen years, while 3 prolific cows are respon¬ 
sible for the herd growth. 

192B —The herd in 1922 contained 37 females, all descendants 
of the 29 females of 1912. 

During the twenty-six, years an effort has been made to enlarge 
and improve the herd by retaining the best heifers,*the bull calves 
being sold. The herd growth was not rapid, having been held 
in check by such difficultie» as deaths, accidents, tuberculosis, 
infertility, defects that caused the culling out of individtials such 
as sway backs, and loss of quarters of udders. These difficulties 
are met by all breeders of Kyestock, but this herd hM been for¬ 
tunate as no whol^Ie disaster h^ ever hit this herd, such as 
sometimes h^)pens. 

During the ^t sixteen years the females worthy of retention 
slightly more t^n doubled the size of the herd, while during the 
imxt ten. years the herd increased from 29 to 37 females, an 
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increase of 8 females. During twenty-six years the herd increased 
from 14 foundation cows to a herd of 37 females. Twenty-six of 
the 37 trace to one extra prolific cow that was among the 14 
“originals.” 

A STUDY OF HEIFERS PRODUCED FROM 37 COWS DURING A FIVE 

YEAR PERIOD 

A study of this herd covering five years, with 37 cows, shows 
that they produced during that period 151 calves, of which 61 
were heifers. Therefore, 30.2 cows calved each year, with 6.8 
cows barren each year, a percentage of 23 per cent barren. That 
is 30.2 cows calved every year, and 6.8 failed to calve, but they 
did calve irregularly. There were no infertile cows in the herd. 

Female progeny of S7 cows in five years 

37 cows produced 151 calves in five years (00 bulls and 61 heifers) 

Average of 30.2 calves annually from 37 cows 
Per cent of barren cows, 23 per cent 

Growth of 61 heifer calves 

01 heifer calves 

7 aborted dead or weak and killed 

54 living heifers at birth 

11 weak heifers vealed under six months old 

43 strong six months old heifers 

3 good heifers sold to other breeders 

4 good heifers became defective 

4 good heifers died 

32 good two year old cows 

4 reacted 

5 had accidents 

23 good three-year-old cows 

This herd of 37 cows produced in five years 151 calves, of which 
90 were bulls and 61 heifers. Seven of the heifers were aborted 
and 11 were weak or so inferior as to be vealed before they were 
six months old, leaving 43 good strong heifers, or an average of 
1.13 good strong six months old heifers per cow in five years. 

While they were under two old years the owner of the herd 
sold 3 heifers to other breeders of dairy cattle and sold to 
butcher 4 heifers that had become inferior, aborted or had bloated 
and been stuck, which always deteriorates an animal, or that had 
become out of condition. Four heifers died under two years old. 
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Some breeders try to rear every living heifer that is bom. 
There were 54 living heifers bom in this herd in the five years, 
7 of the 61 were aborted dead. Hguring on the baas of the 54 
living heifers, 32 grew into good two-year-old cows, a ratio <A 
54 heifers to 32 cows, or 59 per cent. But we prefer to figure 
on the basis of the ^ good strong‘heifers. These 48 strong 
six-inonth-old heifers grew into 32 good two-year-old milk cows, 
a percentage <rf 74.5 per cent, or about 7 good young cows raised 
from 10 good heifer calves. But 4 of these young cows reacted 
and 5 had accidents, such as injury to udder, abortions, etc., to 
befall them and were culled out. This left this breeder 23 good 
three-yauvold cows from his crop of 54 living heifer calves, or 
from his crop of 43 good six-months-old heifers. 



THE ACIDITY PHASE OE ^I'HE ICT CREAM MIX’ 

BKNMAMIN' I MASUKOVSKV 

I)< jKirhfU'hi of l)(u'} n Jf osfuDoh !/,' ('^7nrri\if)/ of \ thi (ishn, Lirirol)/, Xcbxosha 
IU'ccivcmI for ]mhlH*aUoH July, 192.‘J 

Tlio .siu‘(*oss of ico (*r(»ani irakinj*; is wliolly depoiident u])oti tho 
])ro})arati<)ii and liaiidliiig- of the iee ereain mix. Recent ex]>eri- 
inent.> have pointed out tlu^ desirability of a^^in^* tlie mix for 
twetity-four to se\enty~t\vo hours (1). d'he primary f)l)ject of 
aj>,in^ is toincrease the viscosity of the mix \vhichaids (‘onsiderably 
during the ])rocess of freezing in as much as it favors the in(*or- 
])oration of tiir into the i(‘e cream and less time is consumed in 
Avliip])ing U]) tli(» mix to the desired (n erriin than in the case of a 
fresh mix (2). The \is(*osity of the aged ice cream mix is influ- 
(Miced by several fac'tors. A\’liat role does acidity play in the ice 
(‘ream mix? 

At tlje time this ex[)eriment was inaugurated no analytical 
w oi'k (hxding with the acidity phase of the ice cream mix was on 
re(‘(»rd with the excef)tion of the folhnving statements made in 
])ublicatioiis on ice cn^am making. 

Tli(' ticidity of the ciT^am has no efh'ct on the swell of tlw. ice (‘ream 
jn-oduced, until it n^iches sucli a point as to cause the cream to jjccomc 
brittle, when a lesseiu'd yield will n^sult. hatlun* naturab or added 
coimmTciul lactic acid s(vins to improv(3 th(‘ body and tc^xture slightly. 
A cix'am containing 0.50 p('r cent or (‘ven 0,00 f)er (^ent acid will make 
a good looking and good hxding ice cream and except for the sour 
ttiste, will be as satisfactory an artich^ as could be desired (8J. 

ddie dev(dopment of a small amount of lactic acid in the ice cream 
mix may have a pi’onounced efb'ct in incr(*asiiig the overrun. The 
development of a large amount, of acid do(?s not S(^em to matei’ially 
iricrf'ase the overrun and of course, it may be detrimental to the flavor 
of ice cream (4). 

^ A part of thc“Siii(lv of ilic principles of ice cream making ” Tliis material 
is based on a thesis presented to the faculty of the Graduate School of the Univer¬ 
sity of Nebraska hy Benjamin 1. Masurovsky in the degree of Master of Science in 
Dairy Husbandry. 

^ Adams Fund Project 105, under direction of H. P. Davis, University of 
Nebraska, Agricultural Kxperiment Station, Lincoln, Nebraska. 
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The acidity is an important factor in obtaining the most desirable 
flavor and texture in the finished product and in controlling the over- 
nm. An acidity of between 0.25 and 0.30 per cent is considered as 
giving best results. The presence of too much acid may cause the 
mix to curdle, particularly where the same is pasteurized. The acidity 
may be immediately increased by adding cultured buttermilk when 
compounding the mix. This will insure a good sharp flavor; permit 
of pastuerization thus insuring a low bacteria count, and make it 
possible to produce a mix of constant and ample viscosity. Pos.sibly 
the aging period in the case of mix treated in this manner can bo 
shortened or dispen.sed with. This is a phase of the ice cream industry 
that is in its infancy, and it opens possibilities for very interesting 
studies (5). 

With this scant information regarding the acidity phase of 
the ice cream mix and its importance in i(re cream making it was 
difficult to start consistent work pertaining tn this problem. 
The experiments reported in this manuscript give the results 
obtained in preliminary work dealing wdth the titratable acidity, 
H-ion concentration, and buffer action of the i(re cream mix 
and the findings throw some light on this subject which will, 
doubtless, facilitate the organization of a .systematic series of 
experiments on the relation of acidity to the various essential 
factors involved in the manufacturing of commercial ice cream. 

EQUIPMENT 

1. Fifty gallon vat pasteurizer “Wizard” provided with a 
rotary coil. Creamery Package Co. 

2. “Progress” homogenizer—capacity 90 gallons per hour. 
Davis-Watkins Co. 

3. Two section surface tubular cooler, each section measuring 
50 by 18 inches. Cooled by cold brine. Creamery Package Co. 

4. Forty quart freezer—“Perfection Brine Freezer.” J. G. 
Cherry Co. 

5. , “De Raef”—Ice Cream Weight Standardizer, made by 
N. A. Kennedy Supply Co. 

6. Scott’s viscosimeter. 

7. MacMichael viscosimeter. 
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8. Type K outfit of Leeds and Nortliup Co., with Bailey’s 
hydrogen electrode. 

9. “Mojonnier Tester” for the determination of total solids 
and butterfat. Mojonnier Brothers, 



Firj. 1. Mojonnikk Tkstku Used pou the Detehmi,vvtio\ op Total Solids 

AND UVTTEKFAT IN THE EXPERIMENTAL It'E CUEAM MlXES 

DESCRIPTION OF METHODS 

Procedure 1: Preparation of ice cream mix. The cream was 
standardized to the desired butterfat content by addition of 
pasteurized sweet skim milk and sometimes salted butter was 
used to provide the additional requirement of butterfat. The 
milk-solids-not-fat were derived from powdered skim milk (Mer- 
rell-Soule) dissolved in the sweet skim milk. The standardized 
cream was heated to about MiPF. when the dry powdered gelatin 
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(high grade) thoroughly mixed with the granulated sugar was 
added. The entire mix was then pasteurized at 145'’F. held for 
thirty minutes and afterwards homogenized at a pressure of 2000 
to 2500 pounds per square inch, followed by cooling to about 
50°F. 

In the case of a stock batch only 85 per cent of the mix was 
pasteurized and homogenized while the 15 per cent usually was 
equivalent to sweet skim milk which was added later as desired 
in the experiment under consideration. 

The aging of the ice cream mix was taking place in 10-gallon 
cans at a tenqierature of 40° to 45°F. 

Procedure II: Determination of tilratable acidity. The sample 
of ice cream mix was kept in a water bath until a tempera¬ 
ture of 20°C. was reached. 18 grams of the sample was 
weighed out into a porcelain dish and diluted with 50 cc. of dis¬ 
tilled w’ater. This preparation was thoroughly mixed before 
titration. T'he titratable acidity of the mix was determined by 
the required amount of n/10 NaOH using 5 drops of phenol- 
phthalein as an indicator. The acidity was expressed in cubic 
centimeters of n/10 NaOH required to neutralize 18 grams of 
ice cream mix. (This procedure enables one to estimate readily 
the penjcntage of titratable acidity by dividing the number of 
cubic centimeters of n/10 NaOH by 20.) 

Procedure III: Determination of pH lvalue. The H-ion con¬ 
centration was determined electro-metrically on Leeds and 
Northup Type K potentiometer using Bailey’s electrode, satu¬ 
rated KCl calomel cell, and saturated KCl in connecting vessel. 
The hydrogen electrode was rinsed with some of the sample of the 
ice cream mix, then filled and saturated with hydrogen gas from a 
tank containing hydrogen gas manufactured by the Kansas City 
Oxygen Gas Company. The hydrogen electrode with content 
was shaken vigorously for two and a half nainutes and readings 
taken on the potentiometer and the voltage converted into pH 
according to Schmidt-Hoagland tables(6). 

Procedure IV: Estimation of buffer action. The sample of 
ice cream was tested for its pH value then 2 cc. of n/10 NaOH 
was added to 25 cc. of the original sample mixing it thoroughly 
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with the alkali and its pH value detenuiiied. TIk* same pro¬ 
cedure was carried out with all the samples of the same mix at 
different aging intervals. 

Procedure 1^- The delermitiaiion of riscosity hy the vne of ScoU's 
nscosimeter. Ilie sample of the ice cream mix was tampered to 
20°C. thoroughly mixed and 100 cc. of it was placed in the 
viscosimeter. Headings were taken at 20°(1. The number of 



Fid. 2. S(’OTT’s VlSrOSlMETKR SeUVKO a jMeanH of InDK’ATIMI TUK ('OMPATIA- 
TIVJO ViSdOSITJKS OF THE 1(’K (’kKAIM AIixES UNDER KXPERJMEVTATION 

c\ibic centimeters of mix delivered into a 50 cc. graduated glass 
cylinder in 25 seconds was used as the “viscosity index” for 
comparing results obtained from the various samples under 
consideration. 

Procedure VI: Determination of viscosity by Mac Michael’s 
method. MacMichael's viscosimeter was used having the cylin¬ 
drical bob attached to wire No. 30. The sample of ic(j cre.am was 
tempered to 20°C., and delivered into the standard diameter cuj) 
until it reached the fourth mark on the bob. The turn table 
was adjusted to make 20 revolutions in about sixty-two seconds. 
Headings were taken when the pointer was at its slightest, deflec¬ 
tion and interpreted in degree of M. 
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Procedure VII: Determination, of butterfat in ice cream mix. 
The Roese-Gottlieb fat method was used with modifications as 
required by Mojonnier. The Mojonnier tester was used in this 
work. The sample was thoroughly mixed and tempered to 20°C. 
About five grams of the sample was weighed out by means of 
weighing pipettes and delivered into the extraction flasks. 

For the first extraction, 6 cc. of distilled water, 1.5 cc. of NH4OH, 
10 cc. of alcohol and 25 cc. each of ethyl and petroleum ethers 
were used. yVfter adding water the sample was shaken vigorously 
and again after adding the ammonium hydroxide, and one-half 
minute each after adding the alcohol and the two ethers. 



Fkj. 3. MAf’IVIltTlAEL VtS( OSJMKTKU UsED FOR MEASURING THE.VlSCOSlTY OP ICE 
Cream Mixes during Aging 

The extraction flasks with their content were' placed in the 
centrifuge and whirled for one minute. The ether extract was 
then decanted into aluminum dishes of constant weight. 

For the second extraction 5 cc. of alcohol, 25 cc. each of ethyl 
and petroleum ethers were added and the content was shaken 
for twenty seconds after the addition of each reagent. The cen¬ 
trifuging lasted for thirty seconds. The ether extract was again 
decanted into the same aluminum dish containing the first 
extraction. After evaporating off the ether, the dish with the fat 
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was heated in the vacuum oven at 135°C. for five minutes with 
about 22 inches of vacuum, then placed in the cooling desiccator 
at room temperature for seven minutes. The percentage of 
butterfat was calculated from duplicate determinations. 

Procedure VIII: Determination of total solids of ice cream 
7nixes. The Mojonnier tester was employed in this work. Dupli¬ 
cate samples, about 1 gram each, were weighed out into the 
“solids dishes” of the know'ii constant weight. About 1 cc. of 
distilled watoi’ was added to the ice cream mix in the dish mixing 
and distributing the content evenly on the bottom of the dish and 
placed upon the solids hot plate. After evaporation the dish was 
transferred to the solids o\’cn and dried in the oven under 22 inches 
vacuum for ten minutes. Then the solids dish was transferred 
to the cooling desiccator for five minutes. 

Experirnent I. On September 27, 1922, at 4 ji.tn. the following 
procedure was carried out in preparing an ice cream mix. 

Five pounds of ])owdered .skim milk were dis.solved in 10 gallons 
of sweet skim milk at a tenifierature between S5° to OS^F. 139 
l)ounds of sweet cream testing 35 per cent butterfat were placed 
in a pasteurised vat eejuipped with a horizontally rotating coil. 
The refpxired amount of 190 pounds of sweet skim milk was added 
including the 10 gallons of skim milk containing the dissolved 
5 pounds of powdered skim milk. When the temperature of the 
vat content reached 100°F. 8 pounds of salted butter was placed 
into the vat and shortly after the melting and thorough incorpora¬ 
tion of the butterfat 50 pounds of sugar and 2 pounds of gelatin 
mixed w^ere added to complete the mix requirements. The 
pasteurization took place at 145°F. for thirty minutes. It was 
run through a homogenizer at, a pressure between 2000 and 2500 
pounds per sc^uare inch and cooled to about 45°r. The homog¬ 
enized ice cream mix was jdaced in sterilized 10-gallon cans 
set in the “aging” room w'here it was kept at a temperature below 
40°F. 

On September 28, 1922, at 10 a.m. a representative sample of 
the mix under consideration was taken and tested for its butterfat 
content and total solids using the Mojonnier outfit. It tested 
13.75 per cent butterfat and 36.7 per cent total solids. 
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In order to raise the titratal>le acidity of the mix moi‘e rapidly 
the following I)reliniiiiary lest was made: 9.») ])ounds of tlie mix 
were placed into each of four ‘^shot-gun" cans nmnbered 1, 2, 
and 4. 

Then 0.5 j^ound of “la(*tone starter”*^ testing It).7 cc. x 10 
JsaOH or 0.81^5 ])er cent lactic a(*id ^^as added to eacli of the runs 
numlx'red 1, 2 , and and 0.5 ])ounds of pasteurized wliole milk 
was added to can 4 which was used as a (‘heck in this ex])(‘rim(Mit. 
Dairy thermometers were ])laced in etich of the i)r('])ar(Hl leixes 
in the “shot guns" and held at different t(‘m]^eratures: can 1 
was kept at roo)n temperature, hetweeii lit) to 75‘^4\, (*an 2 and 
check, can 4 at the tem])erature of the aging room, 40 to -15 
(*an d was h(4d at a temperature of 5(rT. 


The results obtained 
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On Se])tember 29, 1922, at ]). m. the above samides of acidi¬ 
fied mix wer(' cojiil)ined \\ith su(rK*ient of the unacidified mix to 
make up 45 pounds of ice cream mix the acidity of which was 
5.9 cc. N 10 NaOII or 0.295 pen* c.(mt lactic acid. It w^as frozen 
in a 25-(iuart (.4ierry freezeriiiid with the addition of 4 ounces of 
caranad made into ice (*ream. 

Lnetone is of wliolo milk inoculiitod with Kricssoii’s I^uttcw 

(hilturo. 
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The lactone flavor was somewhat noticeable shortly after 
drawing the ice cream from the freezer but on hardening the 
blending of the caramel and lactone flavor became more agreeable 
to the palate. 

For data dming freezing see table 1 under batches 2a and 2b. 

Expenment II. On October 15,1922, at 11 a.m. a 400-pound 
mix of the following composition was pasteurized at 145°F. for 
thirty minutes and homogenized at 2000 to 2500 pounds pressure 
per square inch: 

pounds 


Cream testing 17.5 per cent butterfat.329 

Powdered skim milk. 5 

Butter (salted). 8 

Sugar (granulated). 56 

Gelatin. 2 


Total of 400 pounds testing 14.4 per cent butterfat and 36.7 per cent total 
solids 

This mix was held in 10-gallon cans at 40° to 45°F. until 
October 17, 11 a.m. when the following modification was made. 
To 59 pounds of the original mix 9 pounds of raw cream, testing 
43.5 per cent butterfat, was added; also, 23 pounds of whole 
milk starter and 4.5 pounds of ^ugar. The acidity of the starter 
was 15.8 cc. n/10 NaOH or 0.79 per cent lactic acid and the origi¬ 
nal mix had an acidity of 2.65 cc. n/10 NaOH or 0.13 per cent 
lactic acid. On October 18,1922, at 9 a.m. the freezing of batches 
3a and 3b took place. (See table 1.) The acidity of the modi¬ 
fied mix was 7.5 cc. n/10 NaOH. There was l^ss viscosity, at 
sight, in batch 3b and a tendency to swell was more noticeable 
than in case of batch 3a. 

This time 4 ounces of vanilla flavoring was used in each batch. 
The lactic acid flavor persisted even during the hardening process. 

Experiment III. On October 25,1922, at 4 p. m. a stock batch 
was prepared so as to fulfill the desired composition when 15 
per cent skim milk starter^ or sweet skim milk is added to it. 
The composition of the stock batch follows: 

* Bkim milk starter was prepared from sweet skim milk inoculated with Erics¬ 
son’s Butter Culture. 
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60.5 pounds of cream testing 45 per cent butterfat 

78.5 pounds of skim milk 

2.25 pounds of powdered skim milk 
28.0 pounds of granulated sugar 
1.0 pounds of gelatin 

170.25 pounds of stock batch testing 10 per cent butterfat and 40.11 per cent 

total solids 

The stock batch was pasteurized at 145°r. for thirty minutes; 
homogenized at 2000 to 2500 pounds pressure per square inch 
and cooled at 52°F. 

To 73 pounds of the homogenized stock batch 12 pounds of 
skim milk starter was added making a total of 85 pounds of mix 
to represent experimental batch 4b: to another 73 pounds of the 
stock batch 12 pounds of raw sw'eet skim milk was added making 
85 pounds of mix used as batch 4a. Both batches, 4a and 4b 
were aged for nineteen hours. 

From a study of table 1 it is apparent that the 0.35 per cent 
lactic acid in batch 4b helped to increase viscosity of the mix 
before and during aging and later during freezing facilitated in 
obtaining “overrun.” 

Experimental batch 4a tested 12.8 per cent butterfat 14 per 
cent sugar and 35.75 per cent total solids. Batch 4b tested 12,8 
per cent butterfat, 4 per cent sugar and 36,12 per cent total solids. 

Experiment IV. On October 30,1922, at 11 a.m. a stock batch 
of the following composition was prepared; 

60.0 pounds of sweet cream testing47.5 per cent butterfat 
80.0 pounds of sweet skim milk 

2.25 pounds of powdered skim milk 
1.0 pounds of gelatin 
28.0 pounds of granulated sugar 

171.25 pounds of stock batch testing 16.5 per cent butterfat and 40.5 per cent 

total solids 

The process of pasteurizatioDj homogenization and modifica¬ 
tion of the mixes were similar to those performed in experiment 
III with the exception that batches 5a and 5b were aged for three 
hours instead of nineteen hours as in the preceding experiment. 
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Examining data in table 1, we find that the addition of skim 
milk starter to form batch fib raised the viscosity as well as the 
acidity of the mix. The results obtained during freezing indicate 
that a slight gain in time is made to reach a certain point of over¬ 
run when the brine is on, but the total time of freezing is about 
the same for batch fib as for batch fia. Another point worth 
noticing is that no gain in overrun is obtained when the increase 
of viscosity is due to a rise in acidity and not aging. 

Expenment V. On November C, 1922, at 11 a.m. the follow¬ 
ing stock batch was prepared: 

138.0 pounds of cream testing 41 per cent butterfat 
142.0 pounds of sweet skim milk 
4.5 pounds of powdered skim milk 
56.0 pounds of granulated sugar 
2.0 pounds of gelatin 

342.5 pounds of stock batch testing 10.5 per cent butterfat and 40.2 p^r cent 
total solids 

To 73 pounds of stock batch 12 pounds of pasteurized sweet 
skim milk was added making up 85 pounds of experimental batch 
6a and to another 73 pounds of the stock batch 12 pounds of skim 
milk starter was added to make 85 pounds of batch 6b. 


Composition of batches 6a and 6b 


1 

1 

AMOUNT 

BtFlTEBrAT 

SUGAR 

MILK- 

SOLIPS- 

NOT-FAT 

GELATIN 

TOTAL 

SOLIDS 


pouruU 

per cent 

per cent 

per cent 

per cent 

per cent 

Batch 6a. 

85 

14.04 

14 

8.26 ‘ 

0.5 

36.80 

Batch 6b.. 

85 

14.35 

14 

7.92 

0.5 

36.77 


The handling of the stock batch and its modification for the 
preparation of batches fia and fib were similar to those described 
in experiment TV. 

A study of table 1 shows ^that during the process of freezing 
batches fia and fib the results were identical although there was 
a difference in the viscosity and acidity of the batches used. 
Furthermore, there appears to be no necessity for prolonged aging 
of an ice cream mix to insure a 100 per cent swell provided proper 
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care is taken during pasteurization and homogenization of the ice 
cream mix properly composed. 

Experiment VI. On November 13, 1922, at 11 a.m. a stock 
batch was prepared consisting of the following ingredients: 

123.5 pounds of cream testing 45.5 per cent butterfat 

156.0 pounds of sweet skim milk 

5.0 pounds of powdered skim milk 
56.0 pounds of granulated sugar 
2.0 pounds of gelatin 

342.5 pounds of stock batch testing 16.5 per cent butterfat and 40.2 per cent 

total solids 

This ice cream mbe was pasteurized at 145°F. for thirty min¬ 
utes, homogenized at 2000 to 2500 pounds pressure per square 
inch and cooled to 54°F. Immediately after cooling the homo¬ 
genized mix 12 pounds of pasteurized sweet skim milk was added 
to 73 pounds of stock batch forming 85 pounds of batch 7a and to 
another 73 pounds of stock batch 12 pounds of skim milk starter 
was added making up 85 pounds of batch 7b. 


Composition of batches 7a and 7h 



AMOUNT 

BUTTBRPAT 

BUOAB 

MILK- 

BOL.IDS 

NOT-FAT 

GELATIN 

1 

TOTAL 

BOLIDS 


pounds 

per cent 

per cent 

per cent 

per cent 

percent 

Batch 7a. 

85 

14.28 

14 

7.72 

0.5 

36.5 

Batch 7b. 

85 

14.28 

14 

7.72 

0.5 

36,5 


These two batches were frozen at 2 p.m. November 13, 1922. 
From a study of table 1 it is noticed that the addition of skim 
milk starter raised the viscosity as well as the acidity of batch 7b. 
There appeared to be, however, no significant difference in 
results obtained during the freezing process save a slight gain in 
time in favor of batch 7b in reaching a greater overrun in the 
same number of minutes while the brine was on. 

Experiment VII. On November 15, 1922, at 10 a.m. eiqieri- 
mental batches 8a and 8b were prepared by adding 12 pounds of 
pasteurized sweet skim milk to 73 pounds of stock batch which 
has been used in the previous eiqieriment. At the time this 
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addition was made the stock batch had been aged for forty-eight 
hours. 

On November 14, 1922, at 10 a.m. batch 9a was prepared 
by adding 6 pounds of pasteurized sweet skim milk to 36.5 pounds 
of stock batch made on November 13 and which had been aged 
for twenty-four hours. 

Similarly batch 9b was prepared except that 6 pounds of skim 
milk starter was taking the place of the pasteurized sweet skim 
milk. Both batches, 9a and 9b were aged for twenty-four hours. 

From a study of table 1 it is apparent that the difference in 
viscosity of the same ice cream mix does not influence the results 
obtained during freezing. 

Experiment VIII. On December 5, 1922, at 11 a.m. the 
following stock batch was prepared; 

95.0 pounds of sweet cream testing 44.3 per cent butterfat 
113.0 pounds of sweet pasteurized skim milk 

3.5 pounds of powdered skim milk 
42.0 pounds of granulated sugar 

1.5 pounds of gelatin 

255.0 pounds of stock batch testing 16.4 per cent butterfat and 43.8 per cent 
total solids 

Experimental batch 10a was prepared by adding 12 pounds 
of pasteurized sweet skim milk to 73 pounds of the above pre¬ 
pared stock batch and allowed to age at 40°F. 

On December 7,1922, the following experimental batches were 
prepared; to 73 pounds of stock batch obtained on December 
6 and aged at 40 to 45®F. for forty^ight hours 12 pounds of pas¬ 
teurized sweet skim milk was added thorou^ly mixed and ob¬ 
taining experimental batch 10b which was then aged for twenty- 
four hours. 

Experimental batch 10c was prepared in the same way as 10b 
except that 12 pounds of skim milk starter was used instead of 
pasteurized sweet skim milk. 

On December 8,1922, at 3 p.m. the freezing of 10a, 10b and 
10c took place. Examining table 1 it is apparent tliat in q;>ite of 
different viscosities of the mixes there were no differences in the 
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results obtained during freezing. This substantiates the results 
obtained in experiment VII. It proves, further, that high vis¬ 
cosity obtained by increasing the acidity of the ice cream miv 
does not influence the yield to any noticeable extent as compared 
with a low viscosity of the same mix obtained through aging. 

Bxperimeni IX To determine the H-ion concentration of 
some of the experimental batches the Bailey electrode was found 
to be satisfactory in this work. Samples of experimental batches 
were tested for viscosity and H-ion concentration simultaneously. 

The following results were obtained: 


DATE 

TIME 

NUMBER 
OF BATCH 

VISCOSITY 

pH 

VALUE 

BEM.4RKB 




"Af. 



December 5. 

2 p.m. 

10a 

17.5 

6.49 

Normal mix 

December 6. 

8 a.m. 

10a 

23.5 

6.49 

Normal mix 

December 0. 

4 p.m. 

lOa 

30.0 

G.49 

Normal mix 

December 7. 

8 a.m. 

10a 

23.5 

6.48 

Normal mix 

December 8. 

9 a.m. 

10b 

46.0 

6.4C 

Modified after aging for 
forty-eight hours 

December 8. 

9 a.m. 

10c 

GO 0 

5.76 

Content 15 per cent 
starter 


Experiment X. On December 11, 1922, 20 pounds of mix Ha 
was prepared in a ‘ ‘shot-gun ” can by placing it in a water bath 
of 145°r. and by frequent agitation of the mix in the can pasteur¬ 
ization took place at 145°F. for thirty minutes, then, immediately 
cooled to about 50°F. and placed in the aging room at 42°F. 
The composition of this mix was 14 per cent butterfat, 14 per cent 
sugar, 1.2 per cent powdered skim milk and 0.5 per cent gelatin, 
and with a total solids of 35.9 per cent. Samples of this batch 
were tested for viscosity, pH value, amd buffer action. 

The following results were obtained; 


DATE 

TIME 

NtniBEB 
or BATCH 

viacoaiTT 

pH VALUE 

aUFPEB ACTION 
IN pH 

December U... 

12 n. 

m 

•AT. 

5.5 

6.46 

7.15 

December 11. 

3 p.m. 


9.5 

6.46 

7.16 

December 12. 

9 a.m. 

■9 

194.0 

6.46 

7.16 
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CONCLUSIONS 

A total of 839 pounds of ice cream mix were used for work in 
connection with experiments on the r61e of acidity in the manu¬ 
facturing of ice cream. 

The titratable acidity of the ice cream mix was raised by the 
addition of “starter” made from Ericsson’s butter culture. 

1. The addition of starter to the homogenized mix tends to 
increase the viscosity before and during aging. 

2. Comparing the effects of a viscous mix produced by raising 
its titratable acidity and those due to aging it was found to give 
different results during the freezing process. 

3. Comparing results obtained from a mix of high viscosity 
due to high acidity and a mix with a lower viscosity due to aging 
but of low acidity no decided differences were noticed during the 
freezing process. 

4. There appears to be no change in the pH value of a normally 
handled ice cream mix during aging for twenty-four to forty-eight 
hours. 

5. The buffer action is apparently undisturbed during the aging 
of an ice cream mix which has been prepared in a normal way. 

6. Since the introduction of acidity imparts objectionable 
flavor in many ice creams and does not noticeably influence the 
ph3^cal make-up of the ice cream mix during aging and freezing 
it would not be good practice to use dairy products of high acidity 
in ice cream making, so far as practicability is concerned. 

I wish to express my thanks to Dr. M. J. Blish, Head of the 
Agricultural Chemistry Department, for advice in connection 
with the H-ion concentration work, and to Prof. John A. Luithly, 
Head of the Dairy Manufacturing Department, for hearty co¬ 
operation and personal interest taken in these experiments. 
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Since glass-lined tanks mounted on railroad cars and auto¬ 
mobile trucks have come into use for the transportation of milk, 
the question has again been raised as to whether milk could not 
be heated and kept hot during transportation and bacterial 
growth checked by heat rather than by refrigeration. 

This is a logical question for an engineer to ask, for he is 
not expected to have any knowledge of the thermophilic types 
of bacteria. (The term thermophilic is used in its correct sense, 
meaning bacteria which grow at high temperature.) But the 
bacteriologist will at once think of these bacteria and will question 
the practicability of sMpping the milk hot. However, even though 
we admit there are thermophiles in milk, we can not tell in ad¬ 
vance what their action will be or how quickly they will act, 
without actual data on the subject. For this reason we wish 
briefly to report the results of a few experiments. 

As early as 1867 Muller (4) while studying the influence of 
temperature on milk souring found that milk held at 50“C. 
(122‘’F.) became sour and appeared greenish-yellow, the same as 
at 35°C. (98°F.). He came to the conclusion, however, that at 
50°C. (122‘’F.) the souring appeared to be due to a different kind of 
fermentation from that at lower temperature, and that it should 
be investigated. Leichmann (3) in 1894 found that milk coagu¬ 
lated after twelve to fifteen hours when held at 50°C.(122°F.) 
and that a fine coagulum appeared. He pointed out that this 
fermentation was not due to the ordinary milk-souring organism. 

These fermentations were undoubtedly due to thermophiles, 
which under favorable conditions may develop and play an im¬ 
portant r61e in the changes that take place in the milk and 
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dairy products. Jensen (2) has recognized this fact and rec¬ 
ommended that skimmed milk be cooled after pasteurization at 
the creamery, instead of being returned hot to the producer, 
because changes were produced in it by the growth of ther- 
mophiles. Recent studies by the authors have shown how 
Lactobacillus thermophilus grows in the milk at high temper¬ 
atures and how it is related to pin-point colonies and Wgh 
counts in pasteurized milk. 

This knowledge of the ability of bacteria to grow in milk at high 
temperatures clearly indicates that difficulties may be expected 
in substituting heat for cold in the trfinsportation of milk. 

The idea of keeping milk hot during shipment is by no means 
a new one. Bernstein (5) in 1893 advanced the idea that instead 
of refrigerating milk it could be he.ated to about 70°C. (158°F.) 
and kept at that temperature during transportation. His general 
plan, which may be of interest, was as follows: 

At suitable stations along the railroad he planned collecting 
stations. There milk was to be tested and heated to the desired 
temperature for transportation. 

For transport, differently constructed railroad cars were to be 
used according to the dist.ance of shipment. 

For long distances, tank cai’s were to be used, consisting of long 
cylindrical tanks surrounded by a hot-water jacket. The tem¬ 
perature was to be kept constant by a hot-air oven and the milk 
kept in motion by an electric motor which was to receive its 
current from a storage battery. 

For short distances, heating could be omitted because of the 
large volume of heated milk, surrounded by insulation, which 
would change temperature only slowly. 

Upon arrival at its destination, the milk was to be cooled rap¬ 
idly to a very low temperature and then supplied directly to 
distributors in closed vessels. 

Bernstein made one experimental run from Hamburg to Berlin, 
a ten-hour trip, with a small experimental apparatus, and says 
the milk was found to be excellent upon its arrival. Probably 
difficulties were encountered, as one might expect, for the method 
has not been used commercially so far as is known. 
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It is true, however, that the heating of milk in an evaporated 
form has been resorted to in some instances in this country for 
short shipments when refrigeration has not been easily available. 

EXPERIMENTAL RESULTS 

The authors have made a number of experiments in which fresh 
milk was heated and held at various temperatures and examined 
at frequent intervals up to twenty-four hours. 

One liter of milk was used in each experiment which was 
flashed to the desired temperature, then placed in a sterilized 
glass museum jar of 1.5 liters capacity. This jar was covered 
with a heavy brass top which fitted on to the ground-glass top 
of the jar so that evaporation was practically eliminated. A 
propeller shaft extended through the brass top into the milk and 
this propeller was rotated at a speed just sufficient to prevent 
the melted butter fat from rising to the surface. The jar of milk 
was held in a water bath and the temperature kept constant at 
the desired point. 

In a preliminary experiment with milk held at 60°C. (HO^F.) 
it was found that after twenty-four hours the acidity had in¬ 
creased and the milk was coa^lated to a very fine curd. This 
indicated that thermophilic bacteria were present, and therefore 
in most of the experiments bacteria counts were made at two 
temperatures. 

It will be apparent from table 1 that milk can not be held 
at any temperature from 50°C. (122°P.) to 60“C. (140°F.) for 
twenty-four hours without undergoing changes produced by 
bacteria growth. When held at 50°C. (122°F.) a rennet curd 
is likely to develop with some acidity as well. When the milk 
was not coagulated and appeared normal, it had a strong bitter 
taste, clearly indicating proteol 3 ^is with peptone formation. 
At 60®C. (140°F.) the fermentation was more strictly of the acid 
type. Even though the acidity did not develop to a point which 
might be expected to be required to coagulate milk, coagulation 
usually occurred after twenty-four hours holding. However, 
it must not be forgotten in this connection that the effect of acid 
is increased by the long heating at high temperatures. 



TABLE I 

Bacteria counts of milk held at different temperatures for different periods 
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Also a large number of pinpoint colonies. 
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Further study of the results reveals the fact that the bacteria 
count made at 30°C. (86°F.) and 37.7°C. (100°F.) usually showed 
low numbers after twenty-four hours while the counts made by 
incubation at 55®C. (131°F.) and 60°C. (140°F.) showed high 
numbers. This, of course, might be expected, since we are deal¬ 
ing with bacteria which grow at high temperatures. 

A study of a few cultures isolated from milk held for twenty- 
four hours at temperatures ranging from 50°C. (122°F.) to 60°C. 
(140°F.) showed two general types. One consisted of spore¬ 
forming peptonizLug and rennet-producing bacteria which devel¬ 
oped most rapidly from 40‘’C. (104°F.) to50°C. (122“F.). The 
other type consisted of weak acid-producing bacilli resembling 
Lactobacillus thermophilus. These organisms grew more rapidly 
at temperatures from 50°C. (122°F.) to 60°C. (140®F.), which 
probably explained the difference in the type of fermentation 
observed in milk held at 50°C. (122°F.) and 60°C. (140°F.). 

From these results it is evident that milk can not be held 
at high temperatures for a period of twenty-four hours without 
undergoing changes which would make it valueless for commercial 
purposes. Therefore, for this holding period heat can not replace 
refrigeration. 

It is possible to conceive conditions where the use of heat in 
place of cold might be practicable for short shipment distances, 
provided the period of holding is less than twenty-four hours. 
As an example of such a condition, the collection of milk in tanks 
on automobile trucks where it can be heated to and held at a 
desired temperature by hot exhaust gases from the engine may be 
mentioned. Here the holding period during transportation would 
only be a few hours. Whether or not such a plan is feasible will 
depend upon a number of things: First, the growth of thermo¬ 
philic bacteria during holding periods shorter than twenty-four 
hours; second, the physical and chemical changes produced, 
and third, the use wWch will be made of the milk. We do not 
have complete data on these points, but that which is available 
may be of interest. 

Referring again to table 1 it will be noted that a number of lots 
of milk were examined for bacteria after being held from four 
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to eight hours. Apparently the thermophilic bacteria had not 
developed to any great extent during these holding periods, 
although in one experiment where milk was held for eight hours 
at 60°C. (140°F.) the thermophiles increased to 75,000 per cubic 
centimeter. Milk to be used for manufacturing purposes such as 
butter making could perhaps be shipped hot if the transportation 
period did not exceed six hours. In suggesting this possibility we 
are considering only the bacteria changes. It remains to be deter¬ 
mined whether or not the effect of long beating would show an 
effect on the butter made from it. 

We are inclined to believe that the heating of milk during 
transportation even for short periods is not practical if the milk 
is to be consumed in the fluid state. 

INFLUENCE OF LONG HEATING ON THE CREAM VOLUME 

In discussing the feasibility of transporting milk, in a hot con¬ 
dition, which is to be consumed in a fluid state, the question of 
the effect on the cream volume is of primary importance. 

A number of experiments were made to determine this effect 
and the results are shown in table 2. The milk used was fresh 
milk, less than five hours old. It was flashed to the desired tem¬ 
perature, then held for the desired time, and agitated during 
the holding period. For the determination of the percentage of 
cream volume the method described by Harding (1) was used. 

Wliile the experiments were only a few in number they indicate 
w’hat the probable effect of long heating will be. Heating for six 
hours at temperatures of 50°C. (122°F.) and 55°C. (131°F.) 
apparently had no effect on the cream volume. After twenty- 
four hours at 50°C. (122°F.) the cream volume was not affected 
in one experiment, although in the other it was reduced nearly 
50 per cent. 

When milk was held at 60°C. (140‘'F.) variable results were 
obtained with short holding periods, and some reduction was 
observed after three hours heating. No measurements could be 
obtained after twenty-four hours holding, since the milk was 
always coagulated. When the milk was heated to 62.8°C. 
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C 145°F.) and held for one hour the cream volume was not changed, 
although it was reduced after two hours holding. 

The effect of long heating on the cream volume causes another 
complication in the transportation of hot milk which is to be 
consumed in the fluid state. 


TABLE 2 


Effect of temperatures and different holding periods on the cream volume 


TEST 

HOLDING 

VATIN 

CREAM 

VOLUME 

CREAM VOLUME IN MILK AFTER DIFFERENT 
HOLDING PERIODS 

19 UiiilkiLii, 

TCUPKHATUSE 

MlLiL 

IN RAW 
MILK 

hour 

ho^ 

3 

hours 

4 

hours 

6 

hours 

24 

hours 



per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

1 

50“C. (122‘‘F.) 


15.0 

15.0 




16.0 

8.0 

2 

50'C. (122*F.) 

3.5 

13.5 

12.5 




13.5 

14.0 

3 

55°C. (131°F.) 


14.0 

14.0 




14.5 


4 

SS^C. (131°F.) 


12.5 

12.5 




13.0 


5 

eo'C. (m^F.) 

3.4 

14.5 


17.5 

15.2 


12.2 


6 

eo^c. (HO-F.) 

4.1 

18.5 

19.5 



17.5 

16.5 


8 

60*0. (l^'F.) 

3.2 

14.0 

14.0 




8.5 


8 

eo^c. (MCF.) 

2.8 

13.0 

13.0 


10.0 


10 0 


9 

62.8“C. (MS-F.) 


15.5 

16.sj 

15.5* 
12 .Ot 

7.0 


5.5 



* Held one hour, 
t Held two hours. 


SUMMARY 

It is shown that the growth of thermophilic bacteria compli¬ 
cates the scheme for transporting milk in a hot condition. 

Another factor is the effect on the physical condition of the 
mUk. 

Milk held at temperatures ranging from 50°C. (122°F.) to 60°C. 
(140°F.) for a period of twenty-four hours is usually coagulated. 
The type of fermentation at 50° C. (122°F.) appears to be different 
from that at 60°C. (140°F.). 

The results do not indicate that heat can be used as a substitute 
for cold during periods of transportation. This is particularly 
true with milk for direct consumption. 

It may be feasible to ship milk in a hot condition under condi¬ 
tions where milk is to be used for the manufacture of butter 
and where the transportation period is not over a few hours. 
Further study of this problem is however required. 
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The occurrence of the viscid condition in milk, commonly 
called ropy milk, constitutes one of the most serious causes of 
complaints with which milk dealers have to contend. Ropy 
milk is harmless but the viscid, slimy consistency is not familiar 
to the consumer, and the detection of the condition causes loss 
of trade. Ropy milk is more common in the raw product but 
occurs in pasteurized milk and its repression calls for vigilance 
on the part of the employees of establishments marketing this 
product. 

EABLY OBSERVATIONS 

In 1898, the writer began the study of a series of outbreaks 
of ropy milk, and embodied these observations in two bulletins. 
The outstanding facts observed were: the relation of Bacterium 
lactis viscosum (Adametz) to the trouble, the ability of the 
organism to grow at unusually low temperatures where acid 
producing organisms are relatively inactive, the relation of 
faulty scalding of milk utensils to the continuance of the trouble 
and the frequent occurrence of the organisms in air and floor 
dust. The prevalence of the organism in water used for cooling 
was constantly noted in the milk plants studied. 

The distribution of ropy milk organisms was first studied in 
two establishments at a time when the consumers were com¬ 
plaining of the product. These organisms were found in im¬ 
properly scalded utensils, in the water of can cooling tanks but 
not in the milk as it came from the farms. During the investi¬ 
gation of another plant, ropy milk was detected in milk cooled 
in ice water, although the condition was not recognized by the 
consumers. Ropy milk organisms were also found in the ice 
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water of the cooling vat, in certain utensils, in floor dust, and in 
samples of sterile milk exposed to contamination from the air. 
Infection was likewise found in water as delivered from a hose, 
but not in water from other sources. The ropy milk organisms 
were also found in unscalded utensils at the farm. 

These early observations dealt with the occurrence of the 
trouble in small retail establishments provided with much sim¬ 
pler equipment than used at present and at a time long before 
modem pasteurization was practised. 

RECENT WORK 

There has come to notice but one piece of work, that by Hard¬ 
ing and Prucha (3) concerning ropy milk as occurring in modem 
milk plants. These writers studied outbreaks of ropy milk 
in the bottled product of several pasteurizing plants. They 
showed that the accepted pasteurizing process kills the ropy 
milk organisms. Nevertheless, the outbreak was repressed only 
by the exercise of great vigilance due to the numerous oppor¬ 
tunities for re-contamination. 

The most recent summary of the strictly bacteriological 
phases of the subject is embodied in a bulletin by Buchanan 
and Hammer (4) who include an extensive bibliography. 

METHODS 

In connection with his earlier work on ropy milk the writer 
developed the method of searching for ropy milk organisms by 
exposing sterile milk to contamination in various suspected 
utensils. The method has likewise proven of value in the most 
recent studies. Ordinary tubes of sterile milk were prepared. 
When conditions were suitable the milk was poured into the 
utensil, and immediately as much as possible was recovered. In 
other cases suspected material was added to the tubes. The 
infected samples of milk were then held at about and 

examined several days later. This temperature was selected 
because ropy milk organisms could grow here without much 
competition from the acid producing organisms. It was also 
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preferable to anything higher because it commonly occurred 
in the available ice-cooled refrigerator. 

After standing a few days, the ropy milk infection may be 
detected by the viscid condition as revealed by the use of the 
platinum loop. The layer of cream is a disadvantage in making 
this test as the physical characteristics of cream mask the lower 
degrees of viscosity. Skimmed milk has been used in all the 
recent work. In this material very slight ropiness is revealed 
by the gossamer-like thread of milk connecting the loop with 
the surface of the fluid. In case of sUght viscosity, a fiber of 
cotton adhering to the loop may cause erroneous conclusions. 
In the advanced stages, viscosity is such that threads several 
feet long may be drawn from the surface of the milk. 

Similarly, the use of low temperature incubation enables one 
to take samples of milk at various stages in its course from the 
cow to the consumer and locate the first point at which ropy 
milk infection is imparted. 

While the general range of temperature favorable to the de¬ 
velopment of ropiness in milk is known, lack of suitable appara¬ 
tus has prevented the determination of the exact optimum tem¬ 
perature for the development of this condition in milk containing 
a mixed flora. 

For the purposes of the work in hand, 60®F. has been assumed 
to be the favorable temperature and various devices have been 
employed to secure this. We know that 68°F. the lactic acid 
organisms overgrow the ropy milk organisms and effort has 
been made to keep at least 5° below this point. In hot weather, 
samples have been kept in a refrigerator at about 55°F. and such 
samples have developed ropiness in a period varying from four 
to seven days. During the period in the autumn when the 
temperature of the city water supply was about 60° this water 
was utilized for securing a constant temperature and results 
were obtainable in two or three days. In winter, the cooler 
parts of heated rooms have been employed. 
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PHASES OF PROBLEMS NOT STUDIED 

The present work has not included the isolation of strains of 
bacteria and their study on various media. The alteration of 
the physical characteristics of the milk when it became viscid 
at a temperature of 55° to 60°F. was deemed sufficient for the 
purposes of the study of the phase of the subject in hand. Thus, 
the ropy milk to which the writer refers, is that which occurs 
at the lower temperatures and does not concern those organisms 
producing viscosity at higher temperatures. The study of strains 
is an attractive field which has not been entered upon in the 
present study. 

NORMAL DISTRIBUTIONS OF ROPY MILK ORGANISMS 

During the past summer, autumn and early winter, oppor¬ 
tunity has been afforded to carry out a study of the occurrence 
of ropy milk organisms in a city milk supply in the absence of 
an outbreak of ropy milk. The dealer who furnished the 
facilities for the study carried on an extensive trade in market 
milk pasteurized in a number of plants. During the period 
covered by my observations (August 1 to the end of the year) no 
complaints of ropy milk were received from the consumers. Rou¬ 
tine examinations were made weekly by the company’s labora¬ 
tory staff of samples of milk from the various bottling plants. 
These were kept at a temperature approximately 55T. and 
examined with a platinum loop after four days. Under such 
conditions of time and temperature occasional samples became 
slightly but distinctly ropy. The conditions were favorable 
for a study of the occurrence of ropy milk bacteria in the milk 
supplied these plants under normal conditions as contrasted with 
a period when ropy milk was causing complaints. 

ROPY MILK DELIVERED BY PATRONS 

The occurrence of ropy milk organisms in samples of milk 
from each producer was studied in three plants. Milk was 
collected in half pint bottles which were fresh from exposure to 
200°F. for ten minutes and which had been kept inverted in 
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racks until used. As each can of a patron’s milk was dumped, 
a small portion was collected in a bottle. The resulting sample 
was a rough composite of the patron’s milk, surely containing 
representation of both morning’s and evening’s milk. Each 
bottle was covered with the ordinary bottle cap, upon which the 
identification number was written. 

The samples were stored in bottle cases in the cool room 
of the plant for four days at a temperature not exceeding 55°F. 

The results obtained from a study of the milk of all of the 
patrons at three shipping stations, showing the proportion of 
these which were bringing ropy milk germs are shown in table 1. 

Thus 13 per cent of samples from 307 patrons held at a low 
temperature became ropy in four days. It is believed that the 
temperature employed (40 to 45°F.) was too low for encouraging 


TABLE 1 

Development of ropy milk in patron's samples 


PLANT 

NUMB SR PATRONS 

NUMDBR ROPT 

PBR CENT ROPT 

1 

70 

11 

15 

2 

91 

14 

15 

3 

146 

17 

11 

Total. 

307 

42 

13 


the development of the maximum number of ropy samples 
within the time limit employed. With a higher temperature 
a higher percentage of ropiness doubtless would have been 
observed. 

The results indicate that the delivery to these plants of milk 
contaminated with ropy milk organisms is a very common oc¬ 
currence. 


BOPY MILK AND YH£ WILLMAN HOLOEB 

The frequency of the detection of ropy milk organisms in the 
raw milk suggested the desirability of studying the pasteurizing 
and bottling processes in relation to ropy milk. The milk was 
held at approximately 144° for thirty minutes in a Willman 
holder. 
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For purposes of studying the problem in hand, the condition 
of the milk at various stages of its passage through the plant 
may be designated as follows: (1) raw, as it enters clarifier; 
(2) heated, or short exposure in heating coils; (3) held, that is 
after holding 30 minutes; (4) cooled, sampled when leaving 
cooler and (5) sampled from bottling machine. 

8ix different sets of samples representing a like number of 
days runs in three pasteurizing plants were collected. It is 
not the purpose here to discuss these tests in detail, but only 
to present data obtained regarding the presence of ropy milk 
organisms in the milk at various stages. 

The prevalence of ropy milk contamination in samples of 
raw milk is shown by its detection in 36 out of 40 samples taken 
during these t^ests. Examination of 32 samples of the momen¬ 
tarily heated milk showed that 9 samples were ropy and 23 not 
ropy. This is in accordance with our knowledge of the thermal 
peath point of the organism as shown by Harding and Prucha. 
Samples of the milk after holding thirty minutes were taken in 
24 instances and none became ropy. This result confirms our 
belief that pastuerization kills the organism. Of the cooled 
milk, 35 samples were taken and 6 became ropy. Of 44 samples 
from the bottling machine 18 became ropy. The results ob¬ 
tained from both cooled and bottled milk indicate re-contamina¬ 
tion of the product subsequent to pasteurization. Certain runs 
were so nearly perfect that it may be assumed that such con¬ 
tamination is preventable. 

ROPY MILK CONTAMINATION OF UTENSILS 

Search for ropy milk organisms by the use of skimmed milk 
heretofore described, has been made in several plants. Positive 
results were obtained with great frequency in samples exposed 
to contamination in any utensil which has been washed but not 
scalded. Among such are sanitary piping valves, end caps for 
piping, coolers and the like. The water remaining in such 
apparatus after washing is found to carry ropy milk organisms. 
Among pieces of apparatus less apt to be regularly washed and 
scalded are sample dippers and can stirrers which give a high per- 
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centage of positive results. The milky water standing on the floor 
of plants is highly contaminated with the organisms. Brushes of 
all kinds are in the same class as demonstrated by placing a few 
bristles in skimmed milk. Samples contaminated from water 
obtained from a steam hose gave positive results in several 
cases, but no water supply has been definitely proven to be a 
source of introduction of organisms into a plant. 

In one plant a positive result was obtained by adding dust from 
a window sill to skimmed milk. In the same establishment 
condensation water from the outside of a pipe conveying cool 
milk was shown to contain ropy milk organisms. The conden¬ 
sation water collecting on the inside of the lids of vat pasteuri¬ 
zers during cooling, has also been found to be infected with ropy 
milk organisms. Examination of a series of returned, unwashed 
milk bottles by means of the skimmed milk test revealed a high 
percentage of bottles harboring ropy milk organisms. 

Ropy milk organisms may be regarded as so common as to 
constitute an ever present soui'ce of a possibly serious outbreak. 
The routine methods of scalding utensils in well managed plants 
are ordinarily sufficient to prevent the dreaded recognition by 
customers within the ordinary time limit available. Constant 
vigilance on the part of employees is necessary to prevent the 
ropy milk. 


GENERAL DISCUSSION 

The occurrence of ropy milk to a degree sufiicient to cause 
complaint by the purchasers, seems to be dependent upon several 
factors: (1) the presence of the necessary germ; (2) suitable 
temperature for multiplication; (3) sufliicient time for growth 
to a recognizable degree at the temperature to which the milk 
is subjected. 

The foregoing observations indicate that at least sUght con¬ 
tamination occurs with a frequency not heretofore recognized. 

The facilities for holding milk at a temperature below 55°F. 
at the disposal of distributors, induce a temperature sufficiently 
low to hold the multiplication of the ropy nulk organisms below 
the danger point. Household refrigeration in the summer by 
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means of ice, and in winter by means of outdoor temperature, 
prevents the appearance of ropiness. Time and temperature 
conditions in the main, are unfavorable to the occurrence of 
ropy milk. 

These controlling factors may vary at any time and result 
in the occurrence of ropiness within the period ordinarily elaps¬ 
ing before milk is consumed. In this connection, it may be noted 
that large dealers observe that complaints of ropy milk are most 
apt to be made in the spring and autumn. In the spring, there 
is an interval after out-door refrigeration fails to be effective 
and before the u.se of ice begins, while in the autumn, the condi¬ 
tions are reversed. During these two periods the milk at the 
home is ordinarily held at about 60°F. In consequence of these 
temperature conditions, ropy milk is more frequently observed 
by consumers in spring and autumn. 

The idea of locating the original source of contamination 
leading to specific outbreaks of ropy milk pervades the earlier 
discussions of this subject. This reflects the belief formerly 
held by all of us, that while ropy milk organisms become widely 
distributed in utensils, in milk, and in places contaminated by 
ropy milk, that such distribution was temporary. Knowledge 
of the wide distribution of the organisms during outbreaks wiis 
general and stimulated the application of such measures as 
general disinfection of stables, milk houses and floors. 

The facts now available warrant our regarding ropiness as a 
common change in milk ordinarily repressed by the maintenance 
of conditions unfavorable to its prompt development. Just 
as the development of sour milk organisms at higher temperature 
are controlled by time and temperature, so the development of 
ropy milk organisms is ordinarily restricted by the same factors. 
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